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Abstract 
Thousands of old timber bridges throughout Australia are in need of replacement and companies 
such as Hyne Timber are meeting this need with new innovative solutions such as modular glue 
laminated softwood timber bridges.  These new products are bringing new needs of their own.  This 
project aims to investigate road wearing surface systems for a longitudinally continuous modular 
bridge deck system constructed from glue laminated softwood timber, treated with the water 
based copper azole.  
This dissertation has been completed in 3 main sections, firstly to research road wearing surface 
systems used on bridge decks throughout the world and select the best theoretical options for this 
application, secondly to investigate testing methods and develop a suitable testing regime and 
thirdly to carry out this testing on the best theoretical options and rank them based on the results.  
Discussions on the success of the testing methodology used have also been included. 
The best theoretical options for the road wearing surface system that were put forward for testing 
included an epoxy (Omnigrip HF), polyurethane (Rhino Guard 2195), polyaspartic (Rhino ArmaFloor 
500AU), epoxy modified acrylic resin (Street Bond 150) and C170 bitumen for a base comparison.  
These were selected by using a decision matrix based on the needs of the bridge user, bridge owner, 
regulatory authorities and bridge deck.   
No standard test methods were found for this application, therefore a variety of tests and sample 
conditioning processes were researched with a focus on delamination and bond strength.  Three 
standard tests and three sample conditioning processes were selected and modified to suit the glue 
laminated softwood timber bridge deck (GSTBD) application and are listed below.    
 Delamination test:  AS/NZS 4364:2010 Timber-Bond performance of structural adhesives 
section 7.6 Delamination resistance test.  
 Shear Block Test:  BD47/99 Design Manual for Roads and Bridges, Volume 2 Highway 
Structures Design. 
 Pull Off Test:  TRL Report 176 Laboratory Tests on High-Friction Surfaces for Highways, 
Appendix J Test Procedure for Tensile Adhesion (pull off test). 
 Dry condition:  based on other timber researchers work. 
 Wet condition: AS/NZS 4364 Bond performance of structural adhesives – 7.5.1.4 Vacuum 
pressure test. 
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 Delaminated condition:  AS/NZS 4364: 2010, 7.6 Delamination resistance test. 
All tests and sample conditioning processes were deemed successful providing quality data and 
comparisons to facilitate the aims of this project, except the delamination conditioning process.  
This process was used to replicate deterioration due to aging, however the results from the shear 
block and pull off tests using these samples unexpectedly showed increased bond strengths.  It is 
recommended that this conditioning process be further researched and improved. 
The test results revealed that the critical condition for all cases was wet with significant reduction 
in bond strength for both the shear block and pull off tests.  All products outperformed the C170 
bitumen in all sample conditions except for the epoxy modified acrylic resin (StreetBond 150) in 
wet condition.   
The rankings determined in this dissertation were restricted to the results of the delamination and 
bond strength testing carried out and further research has been recommended to provide a more 
complete analysis and comparison of the systems.  A summary of the overall rankings are included 
in Table 1. 
Table 1 Overall Rankings of Road Wearing Surface Systems 
Overall Ranking Comments 
1. Rhino Guard 2195 
(polyurethane) 
 experienced no delamination ranking in 1st place  
 first or second place with an average bond strength of greater than 
4.02 MPa (wet – shear block test) 
 1st with an average bond strength of 1.51 MPa (wet – pull off test) 
 Minimal reflecting cracking at edges of sample and appeared to 
provided reinforcement reducing cracking in the GSTBD 
2. Rhino ArmaFloor 
500AU 
(polyaspartic) 
 ranked 3rd for delamination 
 1st or 2nd with 4.42 MPa (wet – shear block test) 
 3rd with 1.22 MPa (wet – pull off test)  
 Experienced reflective and latewood/earlywood interface cracking 
3. OmniGrip HF 
(epoxy) 
 experienced the most delamination  
 3rd best at 3.77 MPa (wet – shear block test)  
 2nd best at 1.36 MPa (wet – pull off test)  
 experienced reflective and latewood/earlywood interface cracking 
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4.  C170 bitumen 
binder 
 2nd for delamination  
 5th with 0.3 MPa internal strength (wet – shear block test) 
 4th with 0.28 MPa internal strength (wet – pull off test)  
5. StreetBond 150 
(epoxy modified 
acrylic resin) 
 experienced some delamination ranking 4th best 
 4th best with 1.01 MPa (wet – shear block test) 
 5th best with insufficient strength to measure using the Elcometer 
106 (wet – pull off test) 
 experienced reflective cracking 
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Chapter 1. Introduction 
 Background 
There are thousands of timber bridges throughout Australia, many made of hardwood 
timber (Crews 2001) which is susceptible to deterioration through rotting and insect 
attack, requiring substantial maintenance, however replacement hardwood timber is 
becoming ever more scarce (Department of Main Roads 2005a).  The general practice for 
some bridge owners including Department of Main Roads (2005a) has been to substitute 
with only concrete structures.  However Department of Main Roads (2005a) and Nicholas 
(2014) both point out that it is now being realised, concrete bridges are not as durable 
and low maintenance as once thought.  Significant advancements in the area of 
engineered timber products such as glulam have delivered the capability to provide 
desirable properties such as high strength to weight ratios.  Sustainability and the reduced 
CO2 emission timber offers, has also drawn attention resulting in increased interest in 
timber bridges.  
Hyne Timber Maryborough manufactures glue-laminated (glulam) softwood beams and 
their engineers have recently worked with bridge experts to develop a modular glue-
laminated softwood timber bridge deck system (GSTBD) using plantation softwood slash 
(elliotti) and caribaea pine species.  The modular design provides answers to many 
problems faced by bridge owners, of which the main ones relevant to this project include 
that the bridge comes prefabricated, it is lightweight in comparison to other products, 
and it has been designed as a modular system to enable quick and easy installation on site 
which minimises traffic delays.   
The next process for this design is to find a suitable deck wearing surface system that will 
meet the requirements of the relevant regulatory bodies, the expectations of the 
customers and the capabilities and restrictions of a manufacturer, as well as provide 
protection and fit with the GSTBD properties.  Ritter (1990) argues that the wearing 
surface system is the imperative component on the superstructure of a timber bridge and 
is responsible for safety of vehicular traffic by providing skid resistance as well as abrasion 
protection for the deck.  Therefore finding a suitable bridge deck wearing surface system 
is considered important. 
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Asphalt is a current commonly used bridge wearing surface system, however is not 
expected to be suitable due to the additional dead load weight it brings as well as the 
laying and vibratory compaction requirements by heavy machinery, making it unsuitable 
for factory application.  Another popular system is a spray seal which was applied in the 
field and failed on the first bridge installed.  The most commonly found bridge decks are 
hardwood, concrete or steel and the use of continuous glue-laminated softwood deck 
surface presents new criteria and challenges.  Ideally a lightweight, durable surface is 
needed that could be fitted in the factory prior to dispatch, however the options were yet 
to be properly investigated and tested and is the basis for this project. 
This project will investigate the requirements, problems and options for road wearing 
surface systems for use on the glulam bridge decks, identify current practices, establish 
and use an evaluation criteria for ranking and identifying the best options which will then 
be put forward for testing, find a suitable focus for testing, investigate and establish a 
suitable testing regime, conduct testing on the 4 highest ranked options as well as a 
control product, present and discuss the results and make recommendations based on all 
of this information. 
 The Role of a Road Wearing Surface System 
Ritter (1990) argues that although it is sacrificial, the wearing surface system is the 
imperative component on the superstructure of a timber bridge and is responsible for 
safety of vehicular traffic by providing skid resistance and a smooth safe running surface, 
as well as abrasion protection for the deck.  Frosch, Kreger and Strandquist (2013) include 
waterproofing protection for both deck and substructure as a main role and one which is 
expected to extend the life of the bridge.  These attributes will be discussed further in the 
literature review section of this report.  The role of a road wearing system is to provide 
skid resistance, smooth running surface for traffic, waterproofing for the deck and 
substructure, abrasion protection for the deck all while being durable enough to last 
several years in service with minimal maintenance. 
 The Glue Laminated Softwood Timber Bridge Deck (GSTBD) 
The modular glulam softwood timber bridge comprises of a glulam softwood deck with 
integrated glulam softwood girders (Figure 1.1).  This system is factory fabricated in 
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modular sections up to 1.8 m in width and 18 m in length.  The modular pieces are truck 
delivered to site ready to be craned into position on pre-existing abutments.  These 
particular bridges are currently designed for low level traffic with high loads such as 
regional roads that accommodate fully loaded logging and cane trucks.  Austroads (2015) 
defines roads with less than 100 vehicles per lane per day as low volume roads and found 
through survey results that most low volume roads have a high percentage of heavy 
vehicles with some reporting up to 40% equivalent heavy vehicles.  The softwood species 
are plantation grown slash (elliotti) and caribaea pine which are milled, graded and then 
H4 level treated with copper azole before the glue lamination process.   
 
Figure 1.1 Hyne Timber Bridge 
 Aims and Objectives 
The aim of this project is to investigate and compare road wearing surface systems 
suitable for use on softwood glulam timber bridge decks based on sound research and 
test results.  This will be done by conducting a literature review involving written 
documentation and personal communications as well as compiling and conducting a 
suitable testing regime.   
The literature review will be used to identify  
 possible failures and issues,  
 current general practice,  
 a focus for testing, 
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 testing methods,  
 evaluation criteria and weightings for decision making including the needs of 
stakeholders and 
 current and historic road wearing surface options and their impact on bridge 
design. 
The bulk of this will be found in the literature review section however some components 
are spread throughout the appropriate section of this dissertation.  
The testing component will be focused on what is found to be an important property or 
performance requirement from the literature review section and will be used to provide 
further information to rank the road wearing surface systems for recommendation. 
 Consequential Effects and Implications 
This project will provide information and data for comparison and selection of road 
wearing surface systems on glulam timber bridge decks for researchers and bridge 
owners, who may choose to use it to make a selection for their bridge application.  Part 
of the role of a road wearing surface system as previously defined, is to provide safe 
passage to bridge users and provide protection to the bridge below.  Misrepresentation 
of an unsuitable product could lead to serious public safety issues, and/or lack of 
protection resulting in potentially serious structural damage of a bridge.  Therefore it is 
important to provide accurate, unbiased and detailed information to give a solid and 
valuable foundation for those wanting to use or expand on it.  Every attempt has been 
made to utilise quality research practices by thoroughly researching, comparing and 
critically analysing sound literature.  The advice from currently practicing professionals in 
the field such as engineers at Queensland main roads, regional councils and bridge 
inspectors has been sought.   
It was found through the literature review that a number of bridge owners are somewhat 
open to consideration of nonstandard products however they require confirmation of 
performance through correlation with design standards, current technical literature, field 
testing and laboratory testing results, for example Mackay City Council (2008).  Timber 
bridges offer environmental advantages over other options such as reduced Co2 emissions 
and sustainability (Nicholas 2014) and even more so where sustainable plantation timber 
is used.  By completing this project, the test results and analysis may provide confirmation 
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and identification of suitable road wearing surface systems which could lead to a more 
completed solution and an increase in use of timber bridge decks over less 
environmentally friendly choices, resulting in positive environmental impacts 
 Overview of the Dissertation 
Chapter 1 is the introduction and background which explains the project and points out 
the need for the research.  It includes the aims, consequential effects and implications. 
Chapter 2 contains the literature review of potential failures for road wearing surface 
systems and identifies current practices.  It includes discussions on performance and other 
researcher’s findings for range of road wearing surface system option. 
Chapter 3 discusses the development and use of the engineering method used to select 
the best theoretical options and identifies these options for the testing phase. 
Chapter 4 includes a literature review which investigates and compares testing options 
with justification for the modifications required for this project.  The final testing regime 
is presented and the details of sample manufacture has been included. 
Chapter 5 presents, discusses and analyses the results and observations of the three tests.  
Three different sample conditions for the same product are compared, as well as a 
product to product comparison with rankings being determined based on critical 
condition.  A brief discussion of skid resistance is included and the testing methodology is 
reviewed. 
Chapter 6 offers the conclusions and suggests opportunities for further research that 
would build on the findings of this project.  
References and Appendices provide supporting information for the content of this 
dissertation. 
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Chapter 2. Literature Review 
 Introduction 
A literature review was carried out to identify potential failure modes and issues 
associated with road wearing surface systems applied to bridge decks, current general 
practices, investigate road wearing surface system options, identify a focus for testing, 
analyse testing methods and create a weighted evaluation criteria for decision making.  
These will be discussed in the following sections. 
 Failure Modes of Deck Road Wearing Surface Systems 
A failure is considered to occur when the road wearing surface system does not meet, or 
no longer meets its role as defined in the previous section.  This means that failures 
generally fall within the main categories of skid resistance, abrasion resistance, 
waterproofing and smooth safe trafficking surface.  These lead to deterioration problems 
for the bridge deck and substructure, increase in maintenance, shortened life of the 
bridge and road wearing surface system as well as causing safety issues for bridge users. 
To identify specific possible or likely failure modes, the approach taken was to review 
bridge inspection procedure manuals that require maintenance staff to inspect bridges 
for predefined failures from a list.  It was found that visual inspections include 
identification of the following problems:  rutting, surface and reflective cracking, 
(Department of Transport and Main Roads 2002), delamination, potholes, stripping, 
shoving (Roads and Maritime Services NSW 2014), loss of waterproofing seal or reduced 
skid resistance (Department of Main Roads 2004) and will be discussed below.  
2.2.1. Rutting 
Rutting (Figure 2.1) is a failure to supply smooth safe trafficking surface and is usually 
caused by insufficient strength to carry loading in the surrounding and/or lower depths of 
subgrade due to a variety of potential reasons.  Therefore rutting is not relevant to a rigid 
deck application unless very thick layers of insufficient strength road wearing system have 
been applied, or if a soft mix is used allowing lateral plastic deformation.  Rutting causes 
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uneven road surface which is a safety hazard for road uses, however is not expected to 
be a significant problem in the proposed application due to other design restrictions.  
 
Figure 2.1 Rutting (source:  Austroads 2009) 
2.2.2. Cracking 
Reflective (Figure 2.2) and surface cracking can be a failure to provide smooth safe 
trafficking surface and waterproofing.  Reflective cracking occurs when a road wearing 
surface system is laid over a joint or cracked structure and after repeated loading the 
crack propagates up through the top layers opening up the surface to water ingress and 
creates a rough surface.  This water ingress can cause damage to the deck and 
substructure, can lead to delamination and the rough surface causes a safety hazard for 
bridge users.  For this project, the deck system is designed in a way that the road 
wearing surface will not overlay any joints in the deck, however if the glulam 
experiences delamination between its own laminates then this may contribute to 
reflective cracking .  Also fatigue cracking could occur where the road wearing surface 
system does not accommodate the repeated loadings and deflections of the bridge 
deck. 
 
Figure 2.2 Reflective Cracking (source:  Austroads 2009) 
22 
 
2.2.3. Delamination 
Delamination (Figure 2.3) can be considered a failure to provide skid resistance (as the 
sheet may move under the braking vehicle), failure to provide a safe trafficking surface 
and waterproofing.  Delamination appears to be one of the more significant problems for 
bridge decks of all types, it is the failure of the bond between the surface layer and the 
layer below and it is evident by sheets of surfacing becoming separated.  Given vehicle 
loadings, longitudinal, transverse and accelerations, good strength characteristics and 
bond with the deck surface are of high importance (Ritter 1990).  Delamination can allow 
water ingress, which in turn may exacerbate this type of failure.  This can lead to damage 
of the deck and substructure with loose sheets of overlay creating a rough surface and 
safety hazards for bridge users.  As discussed later in this report, delamination occurred 
for the test bridge and given the relatively smooth finish on glulam timber, delamination 
is expected to be a problem. 
 
Figure 2.3 Delamination (source: Aboutaha 2002, p. 46 ) 
2.2.4. Potholes 
Potholes (Figure 2.4) are considered as a failure to provide a smooth safe trafficking 
surface and waterproofing.  They are steep sided holes spreading into deeper layers below 
the wearing course and can be an extension of other problems such as delamination, 
which allows water ingress resulting in further pavement damage (Austroads 2009a).  
Therefore potholes are only relevant for bridge decks with thick road wearing surface 
systems that accommodates this penetration.  Due to design limitations including weight 
and application restriction, the thickness of the road wearing surface is not expected to 
be sufficient to allow potholes to form and therefore they are not expected to be a 
problem in this project. 
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Figure 2.4 Potholes (Source:  Austroads 2009) 
2.2.5. Aggregate Loss 
Aggregate stripping (Figure 2.5) is considered a failure to provide skid resistance and 
occurs when the aggregate is stripped from the binder.  This can be due to insufficient 
binder application, poor binder to stone adhesion, oxidation, incorrect binder mix, stone 
deterioration, incorrect rolling, incorrect stone size and temperature effects on binder in 
bituminous systems (Austroads 2009a).  While binder bleed is drowning of the aggregate 
within the binder and can be due to too much binder, incorrect binder mix design or 
aggregate sinking in to under lying layer (Austroads 2009a).  The lack of skid resistance 
creates a safety hazard for bridge users.  There is potential for aggregate stripping and/or 
binder bleed to be a problem in this application for wearing surface systems that contain 
aggregate overlay on a binder system. 
 
Figure 2.5 Aggregate Stripping (source: RMS 2014) 
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2.2.6. Shoving 
Shoving (Figure 2.6) is regarded as a failure to provide a smooth safe trafficking surface 
and is generally a sideways bulging of the road surface that is usually associated with 
inadequate shear strength of the upper layer/s where high shear stress occurs over stiffer 
under layers (Austroads 2009a).  Given the stiffness of the glulam deck, there is potential 
for shoving to be a problem in this project where products with low shear strength are 
used. 
 
Figure 2.6 Shoving (source:  Austroads 2009) 
2.2.7. Lack of Skid Resistance 
Failure to provide skid resistance (Figure 2.7) is a safety concern for the bridge user as it 
is required for the safe braking of vehicles.  A large component of skid resistance is due to 
surface texture which has two components, macro and micro-texture (Figure 2.7), macro 
being the large irregularities of the surface while micro refers to the finer surface of for 
example the aggregate.  Macro-texture must be sufficient to provide friction resistance 
for braking vehicles and to drain water from the surface of the road (Department of 
Planning Transport and Infrastructure nd.).  Queensland Department of Main Roads 
(2006) list a number of issues in the area relating to skid resistance, of these the following 
are considered relevant to this project: aggregate polishing, bitumen bleeding, aggregate 
stripping, aggregate embedment causing flushing and ponding of water.   
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Figure 2.7 Micro and Macro texture (source: Department of Planning Transport and Infrastructure 
nd) 
2.2.8. Lack of Abrasion Protection 
Failure to provide abrasion protection results in deck damage and can also lead to a failure 
to provide a smooth safe trafficking surface and waterproofing.  The tyres are able to 
make contact with the deck surface and wear away it away creating a rough unsafe 
trafficking surface and potential for water to pond.  Systems that provide only partial deck 
cover such as steel or timber planks over wheel tracks (Figure 2.8) generally do not 
provide sufficient abrasion protection (Ritter 1990), however Frosch, Kreger and 
Strandquist (2013) point out that any deck cover inhibits visual inspection and so it can be 
difficult to assess damage by non-destructive means. 
 
Figure 2.8 Partial deck cover protection (source: Ritter 1996) 
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2.2.9. Lack of Waterproofing 
Insufficient waterproofing may be due to design of the system itself or failure of the 
system and is considered a failure to meet the role of a road wearing system.  A lack of 
waterproofing or a failure in waterproofing leads to water ingress which can create 
damage to the deck and the substructure (Figure 2.9).  This can then lead to many other 
issues such as those discussed above.   
 
Figure 2.9 Insufficient waterproofing leading to deck deterioration (Source:  Queensland Main 
Roads 2004) 
2.2.10. Summary 
The failures listed above are not a finite list but a sample of the more common failures 
examples found in the literature review.  Many of these failures are interrelated and can 
occur because of, or can cause other failures both minor and major.  The rough surfaces 
introduced by these failures increase the dynamic loads acting on the bridge, and where 
damage is significant, stricter weight limits and traffic restrictions are introduced or 
bridges are closed (Austroads 2009c). 
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 Failure Experienced on Plywood Decking  
The first bridge manufactured and installed utilised a plywood decking surface.  To this, a 
spray seal using C170 bitumen with an application rate of 0.8 L/m2 and 7 mm aggregate 
with a spread rate of 200 square metres per cubic meter was applied.  No surface 
treatment was done prior to the seal application.  Within 7 weeks of trafficking the bridge 
experienced delamination (Figure 2.10) and approximately 5 weeks of which was under 
heavy loading due to loaded timber trucks and other machinery using the bridge for 
access to tree harvesting operations in the area.   
 
Figure 2.10 Hyne Timber Bridge - delamination of the road wearing surface system 
There are a number of potential reasons behind this failure however it has not yet been 
given thorough investigation. Potential reasons may include some or all of the following: 
 a lack of experience in laying bituminous spray seal system on ply timber decks, 
 incorrect binder mix or design for application, 
 lack of primer coat,  
 insufficient deck preparation such as removal of dirt and tyre rubber (Figure 2.11) 
and 
 application to a wet substrate.   
On initial investigation, it appears that insufficient deck preparation may be a contributor 
as a section of spray seal in the centre section of the bridge was scraped and it easily 
debonded leaving dirt behind, some of which appeared to be between the spray seal 
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layer and the deck (Figure 2.12).  However this was not definite and a better analysis 
needs to be carried out, but is outside the scope of this project.  
 
Figure 2.11 Hyne Timber Bridge with burnt on tyre rubber prior to application of bituminous spray 
seal 
 
Figure 2.12 Section of bridge deck after bitumen road wearing surface was scraped 
 Other Important Considerations for Potential Failure: 
In selection, consideration must also be given to external contributors that may cause 
premature failure.  Some of these are outlined below.   
Delaminated 
section 
Section of deck after 
road wearing surface 
system scraped 
away easily in centre 
strip of bridge 
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Medani et al. (2010) point out that traffic trends have changed, increases in frequency 
and magnitude of heavy loads is occurring and exasperates the bridge and wear surface 
system problems.  Lack of consideration for this in wear surface system design has 
resulted in significantly reduced expected life (Department of Transport and Main Roads 
2002).  The expectations on expected life of a bridge deck road wearing surface system 
varies from 7 to 30 years. 
Timber preservative treatments have been identified as causing potential problems 
between glulam timber decks and road wearing surface systems.  Oil based treatments 
such as creosote and pentachlorophenol (Figure 2.13) have been found to leech and cause 
wearing surface deterioration and delamination (Correia et al. 2013; Ritter 1990; Roads 
and Traffic Authority of NSW 2008a; Weyers et al. 2001), however no information has 
been found on the direct effects of using copper azole on road wearing surface systems 
to date.  Custoldio J, Broughton J and Cruz H (2009) argue that studies on the effects of 
timber preservative treatments on modern adhesive type products such as epoxies are 
almost non-existent. 
 
Figure 2.13 Leaching of bitumen seal applied over a Glulam Timber Deck treated with 
pentachlorophenol (Photo by Rebecca Cherry) 
Volume changes in glulam timber decks caused by changes in moisture content also cause 
cracking in asphalt surfaces, (Correia et al. 2013; Eriksson, Wheeler & Kosmalski 2012) 
with dimensional change far more significant perpendicular to the grain then parallel.  
“The loss of 1% moisture content in a 48 inch wide glued-laminated deck panel can cause 
1/8” of shrinkage” (Eriksson, Wheeler & Kosmalski 2012).  Thermal expansion is not 
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considered to be as much of an issue.  Eriksson, Wheeler and Kosmalski (2012) point out 
that waterborne wood-treatment chemicals allows rapid changes in timber moisture 
content which can lead to large cracks, this can also be exasperated where timber is not 
stored correctly.  The GSTBD considered for this project will be treated with copper azole, 
a water borne preservative and therefore this should be kept in mind.   
It is noted that a number of wear surface systems rely on bituminous materials for 
weatherproofing, however Department of main Roads (2005b) argues that even when in 
an uncracked and intact state, bituminous surfacings are partially porous and therefore 
not significantly waterproof, this is also relevant to asphalt systems.  New York State 
Department of Transportation (2013) are currently conducting research to evaluate the 
moisture resistance of several different bridge deck wearing surfaces. 
 Road Wearing Surface Systems, Current Practices and Impact on 
Bridge Design 
Information was gathered through a literature review which involved researching written 
documentation as well as personal communications.  The initial process included 
extensive reading on the practices currently used for GSTBD and the requirements of 
bridge owners.  The lack of information was soon identified and the search expanded to 
bridge decks of any kind such as fibre reinforced composites, concrete, timber and steel 
deck systems.  An attempt was made to relate the findings such as the characteristics of 
the road wearing systems being used on other deck types back to the properties of the 
timber bridge decks and are discussed in the following sections. 
 Bridge Owner’s Current Practice and Requirements in Australia 
The majority of bridge owners are likely to be road network owners such as private 
forestry/plantations, government bodies such as local councils, state forestry and state 
road departments.  Of these, it was found that they are predominately in charge of setting 
their own regulations for bridge wearing surface systems.  
State authorities were found to focus on concrete structures.  Queensland Department of 
Transport and Main roads documents for new structures, focus on concrete bridges with 
asphalt, however in practice, a standard weatherproof seal as set out in MRTS84 followed 
by a chip seal would be applicable to a GSTBD (D Schimke 2015, personal communication, 
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26 October).  The selected bituminous treatment must be designed on a case by case basis 
to suit traffic loads, however variations to the traditional sprayed seal such as use of 
emulsion binder, or other options may be acceptable, for example epoxy binder with high 
friction aggregate or other proprietary products (P Jamandijevic 2016, personal 
communication, 10 May). 
The ACT Government (nd.) has nothing specific to glulam bridge decking, again focusing 
on concrete with a general statement specifying a minimum 30 mm wearing surface over 
the deck with a rubberised bituminous waterproofing membrane separating the two.  
Their bridge and related structures guidelines leave the wear surface material options 
open.  
NSW also have nothing specific to glulam decks however state that rubberised asphaltic 
concrete or double/double 14/10 rubberised bitumen flush seal and 20% crumb rubber is 
often used for bridges (Roads and Traffic Authority of NSW 2008a).   
Four regional councils in Queensland were contacted to determine their requirements for 
compliance as well as their standard practices for timber bridge surfaces.  Gympie 
Regional Council standard practice is to use 2 coats of spray seal on any of their laminated 
or plywood decking surfaces (Manager of Assets Gympie Regional Council 2015, personal 
communication, 26 October).  Fraser Coast Regional Council specifies that bridges and 
their wear surfacings are required to meet the standards set by the Department of 
Transport and Main Roads (T Woods 2015, personal communication, 16 October).  The 
Bundaberg Regional Council require either asphalt or a chip seal on all new bridge decks 
irrelevant of their construction (C Robinson 2015, personal communication, 17 October).  
Mackay Regional Council has engaged in some field experimental work and come up with 
a basic design for plywood timber decks.   
Their design caters to specific goals including providing sufficient thickness to cover bolt 
heads that are used to hold plywood decks down.  They design each application bridge by 
bridge based on a number of considerations and empirical knowledge.  But as a very 
general guide they have found that uncut C170 bitumen double/double seal with a total 
overall application rate (1st + 2nd layer inclusive) of around 2.6 to 3 L/m2, with both layers 
receiving 16 mm aggregate has provided good service (B Carter 2016, personal 
communication, 18 August).  No primer is used and the bitumen may be cut back based 
on the specific job and environment and to a maximum of 3%. 
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Austroads (2009) has nothing specifically stated for glulam timber decks, however states 
that the usual practice for timber decks is to use a bitumen or asphalt seal as a waterproof 
membrane.   
The new draft of Australian Standard AS5100. Part 9 Design of Timber Bridges specifies 
“an asphaltic concrete wearing course, including a suitable waterproofing membrane”.  It 
also states that the waterproofing membrane will be either polyurethane elastomer, 
modified PVC or rubberised bitumen (20% rubber).  
Other than the trials carried out by Mackay City Council, there were no conclusive reasons 
given for the preferences of wear surface systems chosen for glulam softwood decks but 
rather most used a blanket application to all timber and ply style decks that had been 
adapted from other practices.  Frosch, Kreger and Strandquist (2013) also found this to be 
the case in their research, stating that agencies tend to base specifications on past success 
and also manufacturers specifications.  This indicates that there is a lack of attention given 
to softwood glulam timber bridge decks in regards to road wearing surface systems and 
from there a lack of experimentation and learning from results in the field.  Another 
consideration is that in being non-specific, the approach allows to keep the options as 
open as possible for new innovative solutions on a case by case basis.  Either way, further 
research has good potential to provide benefit to manufacturers of GSTBD, manufacturers 
of road wearing surfaces systems, bridge owners and bridge users. 
 Road Wearing Surface System Options 
2.7.1. Asphalt 
Asphalt (Figure 2.14) was found to be one of the most common systems used, not only on 
glulam timber bridge decking but on other systems as well and its design depends on the 
traffic loading.  Ritter (1990) describes an asphalt wearing surface to have a smooth 
compacted bituminous concrete which calls for a waterproofing membrane layer and is 
suitable for high traffic volumes and where applied correctly and well maintained can 
achieve a service life of 15 years or more.  Many researchers have investigated asphalt 
options for many bridge types including glulam timber decks and many bridge owners 
specify it in their requirements (Aboutaha 2002; ACT Government nd.; Austroads 2009a; 
Correia et al. 2013; Department of Main Roads 2013; Dinitz & Stenko 2010; Eriksson, 
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Wheeler & Kosmalski 2012; Frosch, Kreger & Strandquist 2013; Ritter 1990; Roads and 
Traffic Authority of NSW 2008b; Standards Australia 2014; Taylor et al. 1995).   
 
Figure 2.14 Asphalt on timber bridge deck (Source:  Eriksson, Wheeler & Kosmalski 2012) 
There are many combinations of asphalt systems for many different decks.  For glulam 
decks, a tack coat covered with rubberized membranes or sandwiching membrane 
between two layers of asphalt were found to have good results if the bridge was left with 
sufficient time for the treatment residue to evaporate before application (Eriksson, 
Wheeler & Kosmalski 2012).  Ritter (1990) recommends the use of dense-graded asphalt 
for timber bridges with a thickness of 50 to 75 mm to provide increased water-resistance, 
however the use of a waterproofing membrane would alleviate the waterproofing 
component.  For concrete bridges, polymer modified binder covered with 10 mm 
aggregate and overlay with asphalt provided good results (Frosch, Kreger & Strandquist 
2013) while for fibre reinforced polymer bridges a 50 mm thick layer is commonly used 
(Aboutaha 2002).  A variation of traditional asphalt systems were found to have good 
results for orthotropic steel bridges including epoxy asphalt over a coal tar epoxy, stone 
mastic asphalt, asphalt rubber stress absorbing membrane interlayer and polymer 
modified asphaltic concrete (Hulsey, Raad & Connor 2002, p.405).  Generally, hot-mix 
asphalt is used on bridge decks, however cold-mixes such as asphalt cutbacks or 
emulsions can also be used (Ritter 1990). 
The main problems associated with asphalt are that it tends to crack under the high 
deflections commonly found in timber bridges, add large dead weight to the bridge (Dinitz 
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& Stenko 2010; Ritter 1990) and is known to delaminate (Austroads 2009c).  Cracking 
allows water infiltration, which in turn rots the underlying timber causing even more 
damage to the asphalt surface.   
Resin-extended asphalt (Austroads 2009c) or geosynthetics have been used successfully 
to reduce cracking and geosynthetics also offers the additional advantages of water 
protection (Correia et al. 2013; Ritter 1990).  Frosch, Kreger and Strandquist (2013) 
recommend the use of a polymer-modified bitumen as a waterproofing layer to prevent 
reflective cracking but also states that sheet style waterproofing membranes which are 
rolled out onto the bridge deck were the best performing.   
They then add that these waterproofing membranes required for asphalt, need 
experienced personnel, can be difficult to install and the bond between the membrane 
and either the deck or asphalt was identified as one of the most common failures.  Some 
systems have the inclusion of a protection layer such as a fibreglass mat or polystyrene 
board to protect the membrane from penetration from the wearing surface above 
(Frosch, Kreger & Strandquist 2013) adding even more weight and complication to the 
process.  . 
The application equipment is specialised and cannot be used in the factory.  Frosch, Kreger 
and Strandquist (2013) argue that the vibratory rollers required to achieve required 
compaction levels in asphalt should not be used on bridges.  Another consideration is that 
the bridge will need to be closed for days to allow for application and drying/setting times 
and alternative routes would need to be provided for traffic which could become costly. 
2.7.2. Bituminous Spray Seal 
Bituminous spray seal (Figure 2.15) generally consists of a combination of all or some of 
the following: a cutback bituminous primer, primer seal, tack coat, one or more layers of 
sprayed bitumen binder and aggregate.  Spray seal systems have low relative resistance 
to shear forces (Austroads 2009b), and are more likely to experience aggregate stripping 
in comparison to asphalt but do provide a low cost waterproofing system (Austroads 
2009c) that are more flexible, less prone to cracking than asphalt and have been used on 
timber bridge decks with good success and service lives in excess of 15 years (Ritter 1990).  
In Australia, bituminous spray seal was found to be used a lot in practice where a lighter 
weight option was required or for lower trafficked roads.  American Association of State 
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Highway and Transportation Officials (2012) also recommend a double layer of spray seal 
for all timber bridge decks.   
 
Figure 2.15 Bituminous Spray Seal on the Hyne timber bridge deck (Photo by Rebecca Cherry) 
As a general rule a Class 170 bitumen is expected to provide good adhesion, as will a 
crumbed rubber option.  Deck preparation such as cleaning, primer and where required a 
tack coat, is extremely important and should be specifically designed for any system used 
(Austroads 2009d).   
Ritter (1990) argue that better performance can be obtained from a 20mm thick double 
treatment vs single treatment as double/double seal provides the addition of mechanical 
interlocking for strength.  Austroads (2009b) refers to the double/double seal as being a 
robust and heavy duty surfacing, suitable for haul roads and giving an expected average 
life of up to double that of single applications.  They also state that it is more suitable in 
high shear loading applications than single seals.  
Polymer modified binder is a bitumen containing synthetic polymer or crumbed rubber 
that possess many advantageous properties and suitable for circumstances of heavily 
trafficked or high stressed roads (Austroads 2006) including aggregate retention, less 
binder bleeding, better waterproofing, less susceptibility to temperature variations and 
reflective cracking, increased shear resistance and longer life (Austroads 2013a).  Frosch, 
Kreger and Strandquist (2013) recommend for concrete decks, a spray of polymer 
modified bitumen binder which is used for the waterproofing and prevents reflective 
cracking, followed by a cover of aggregate, then a spray seal system over the top.   
The first Hyne Timber bridge was prescribed a two coat system with C170 30% cutback 
bitumen at 1.6 to 1.8 L/m2 and 14 mm aggregate, followed by another 30% cutback C170 
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layer at a rate of 1.2 L/m2 with 10 mm aggregate (Figure 2.15) but included a note stating 
this design may need to be changed at the contractors discretion.  After discussions with 
various professionals and reading through relevant documents, it was found that this is 
an unusual design for this situation.  Further enquiries revealed that the company that 
applied the spray seal changed the design to C170 bitumen with an application rate of 
0.8 L/m2 and 7 mm aggregate with a spread rate of 200 square metres per cubic metre 
and that no surface treatment was done prior to the seal application.  However the bridge 
experienced delamination after only 7 weeks of trafficking, of which 5 weeks was under 
heavy loading by logging trucks and equipment. 
A common problem causing premature failure in sprayed seals is where the treatment is 
designed using inaccurate traffic data (Austroads 2006).  The design traffic is determined 
using parameters including number of carriageways, direction of traffic, traffic splits 
between lanes for multilane roads, percentage of heavy vehicles and percentage of large 
heavy vehicles.  With no specific location for the bridge there is no accurate design traffic 
information, and therefore a general approach is taken to design for a low volume, high 
load road as described in the softwood glulam timber bridge section of this report.  This 
gives less than 100 vehicles per lane per day with a high percentage (up to 41%) of 
Equivalent Heavy Vehicles.   
With consideration of the above, and use of the following references 
1. the guide set out in Austroads (2009d), 
2. section 3 of Austroads (2013b),  
3. Austroads (2006) and 
4. guidance from Peter Jamandijevic, a senior surfacings engineer at Department of 
Transport and Main Roads,  
the following represents a suitable sprayed seal design for this type of application.  
However there are still many variations that must be considered based on the condition 
of the timber deck and weather conditions on the day of application which must rely on 
empirical knowledge.   
 Prime of highly cutback C170 bitumen (AMC00 56% kerosene, 44% bitumen) with 
an application rate of 0.2 to 0.4 L/m2 but this is highly dependent on the condition 
of the timber. 
 Prime should be allowed to cure for at least 3 days prior to sealing 
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 1st coat:   
o Modified binder (eg. S1.8R crumb rubber), cutback with 3% kerosene 
(amount of cutback is dependent on the day of sealing including substrate 
temperature and must be adjusted accordingly) with an application rate 
of 1.7 L/m2 
o Spread rate of 100 m2/m3 for 14 mm aggregate (estimated ALD of 9 mm)  
 2nd coat:   
o Modified binder (eg. S1.8R crumb rubber), amount of cutter would 
depend on substrate temperature of the day of sealing, with an 
application rate of 0.9 L/m2 
o Spread rate of about 225 m2/m3 for 7 mm aggregate (just sufficient to fill 
voids in first application). 
 As recommended, both applications will be applied on the same or consecutive 
days. 
Again, it must be stressed that this design is highly variable depending on the condition of 
the timber, the environmental conditions and the main aims of the project at hand. 
A rubber-tire roller should be used after application of aggregate (Ritter 1990), therefore 
consideration must also be given here to the suitability of using compaction equipment.  
The system is not suitable for factory fitment and the period for road closures to allow 
application and setting times and provision of alternate routes must be considered, as is 
the case with asphalt.  The approach used by Mackay council and some other bridge 
owners was to sacrifice the application of the primer coat and save the 3 day setting to 
reduce road closure times.  Specialised equipment is required for application, however 
would be readily available by hiring a specialist contractor. 
2.7.3. No Road Wearing Surface System 
Taylor et al. (1995) trialled a portable glulam bridge with no wearing surface for 12 
months on a low volume high weight traffic road and found that gravel and debris from 
vehicle tyres caused non-structural damage to the deck during that time.  No mention 
was given regarding the degradation of the bridge and deck due to weather exposure.  
Although it may meet the needs of the bridge user to some extent in the short term 
regarding a safe trafficking surface, due to the complete lack of protection for the bridge 
deck and substructure it is not expected to be a suitable solution.   
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2.7.4. Wood Planking 
Wood planking (Figure 2.16) placed longitudinally or transversely is also an option used 
on glulam timber bridge decks but transverse orientation wears faster (Ritter 1990; 
Taylor et al. 1995).  It is only suitable for slow traffic and where only partial coverage such 
as wheel track widths are used, this tends to force traffic to a specific tracking path which 
can create clearance problems (Ritter 1990).  It provides only partial abrasion resistance 
and insufficient waterproofing leading to other issues as described in the failure section 
such as rough trafficking surface and structural damage to the deck and bridge 
substructure.  Wood planking is best avoided where noise is of concern or where traffic 
with thin tyres such as bikes use the road (Manager of Assets Gympie Regional Council 
2015, personal communication, 26 October). 
 
Figure 2.16 Timber planks used for road wearing surface (Source:  Queensland Main Roads 2004) 
Hulsey, Raad and Connor (2002) found that untreated timber planks performed poorly 
and treated only performed slightly better showing significant wearing when tested on 
orthotropic steel bridge decks and the same results are expected where used on glulam 
timber decks.  Skid resistance can become an issue in wet weather conditions and where 
oil borne preservatives are used, also gravel and other abrasives materials on the surface 
can reduce service life significantly.  The fasteners used to hold the timber in place should 
be selected carefully to reduce the problems caused including damage to waterproofing 
and access for debris and fungal attack. 
It is however, considered a low cost solution that may have a service life of 2 to 12 years 
depending on traffic, timber thickness, orientation and type, with better results being 
achieved using edge-grain planks (Ritter 1990).  Only basic equipment is required for 
installation. 
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2.7.5. Steel Plates 
Steel running strips or plates are also used for glulam and other timber decks 
(Department of Main Roads 2004; Ritter 1990; Taylor et al. 1995) although on enquiries 
it appears they are not accepted in new applications but rather in supplying road wearing 
surface as well as some structural integrity to existing damaged bridge decks as was the 
case with the bridge in Figure 2.17.  As per the situation with wood planking, these are 
only suitable for slow traffic, only offer minimal abrasion resistance (when strips are 
used), next to no waterproofing and are prone to skid resistance problems in wet weather 
or where loose debris is present on the plate (Ritter 1990).   
An example of a bridge deck that has had a steel plate wearing system placed over an 
existing timber deck is shown in Figure 2.17.  For this particular installation the steel was 
required to provide some structural support to the deck.  This image shows the uneven 
trafficking surface at the entry to the bridge, but also half way along where the steel 
plates join.  It also shows a collection of debris and dirt that could become slippery, 
especially in wet weather. 
 
Figure 2.17 Example of a steel plate wearing surface system (Photo by Rebecca Cherry) 
The benefits of steel plates is they can last many years and require little maintenance 
where they are provided with surface texture and protected by galvanising or other 
corrosion resistant protection (Ritter 1990).  Basic equipment is required for their 
installation, however placement of large heavy sheets would require assistance 
potentially from a crane to lift into place. 
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2.7.6. Concrete and Polymer Modified Concrete 
Concrete overlay systems have been used but repeated problems found throughout the 
literature are that it adds large dead weight and tends to crack leading to infiltration of 
water and further problems (Dinitz & Stenko 2010; Frosch, Kreger & Strandquist 2013; 
Ritter 1990), is permeable, performs poorly under fatigue in flexible situations and has 
low tensile strength (Gopalaratnam et al. 1989).  Another consideration is that the bond 
between timber and concrete composites is a common issue, however experiments have 
been done using a bonding interlayer with good results under shear and bending loads 
(Schäfers & Seim 2011).  These tests did not incorporate any consideration to the effects 
of variation of thermal or moisture conditions.   
Research continues in the area of modified concretes and some variations include the 
addition of admixtures to provide properties such as high early strength, or waxed beads 
to provide internal sealing of the overlay (Frosch, Kreger & Strandquist 2013) although 
again these have been used on concrete rather than glulam timber bridge decks.  Latex 
modified concrete overlays are a system commonly used on concrete bridges, it has a 
relatively long service life, but is considered heavy, takes a long time to cure and 
experiences early-age cracking (Frosch, Kreger & Strandquist 2013).   
University Transport Centre for Materials in Sustainable Transportation (2013) are 
conducting further research on ultra-high performance concrete overlays in an attempt 
to find solutions to this problem and therefore depending on composition would be of 
interest to a project such as this.   
2.7.7. Polymer Concrete 
Polymer concretes (Figure 2.18), which are often referred to simply as polymer overlays, 
are defined by Frosch, Kreger and Strandquist (2013, p. 2) as “aggregate bound together 
by a polymer substance” and argue that epoxy or methyl methacrylate (acrylic) are the 
most commonly used.  Their thickness does not exceed 25 mm and they have many 
advantages for use on bridge decks including providing long lasting wearing surfaces of 
potentially 20 to 25 years, lightweight, fast cure, low permeability, good skid resistance 
(Fowler & Whitney 2011) usually with quick and easy installation and relatively low 
installation cost (Frosch, Kreger & Strandquist 2013).   
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Figure 2.18 Example of an epoxy polymer concrete system called OmnigripHF (source:  Omnicrete 
2016) 
The high friction surface treatments with thermosetting resin binders are known for high 
relative resistance to shear forces (Austroads 2009b) and can be suitable for timber bridge 
decks provided good surface preparation and no water is present on the surface 
(Austroads 2009d).  Also, Frosch, Kreger and Strandquist (2013) argue that good 
installation is the most significant factor in achieving success of any system and that thin 
polymer overlays are one of the simplest to apply, however some products have 
experienced relatively short service life and stripping of aggregate.  Alger, Gruenberg and 
Wegleitner (2003) argue that double coats are preferred over single and that durable 
aggregates such as flint or quarts should be used to prolong the surface life. 
Nicholls (1998) investigated and compared four types of epoxy concrete for use as high 
friction road wearing surfaces and although this research was for flexible asphaltic roads, 
it is expected that the findings may be transferable somewhat to an application such as 
this project.  These products included thermosetting epoxy resin, polyurethane resin and 
acrylic resin, and thermoplastic rosin-ester.  No research information was found 
specifically on the use of these products on GSTBD, however they are commonly used in 
a thin layer for fibre reinforced composite bridges (Aboutaha 2002; Mertz et al. 2003), but 
due to strain incompatibility between the deck and the overlay, de-bonding and 
significant reflective cracking has been occurring.   
Fowler and Whitney (2011) list a number of issues that affect the performance of polymer 
concrete road wearing surface systems on bridge decks including:   
 Soundness of substrate 
 Surface preparation 
 Compatibility of the overlay and substrate 
 Aggregates 
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 Overlay thickness 
 Bridge girder flexibility 
 Environment 
 Constructability and workmanship 
2.7.7.1. Epoxy Concrete 
Epoxy concrete was found to be one of the two top performers on flexible asphaltic 
pavement by Nicholls (1998) but had the longest setting time of several hours and is 
temperature dependant.  Dinitz and Stenko (2010) and Hulsey, Raad and Connor (2002) 
found that polysulfide epoxy polymer concrete such as Transpo T-48 had good application 
results on flexible orthotropic steel bridge decks and claim that particular product has 
high strength, impermeability, resistance to wear and skidding and remained flexible 
under UV for long periods, however the three coat broom and seed method 
recommended for factory fitment was prone to porosity (Figure 2.19).  A survey revealed 
that epoxies are used by nearly all states in America on concrete bridge decks, with New 
York Department of Transport reporting acceptable to excellent performance by 12 epoxy 
overlays and Alabama reporting excellent performance after 8 years (Fowler & Whitney 
2011). 
 
Figure 2.19 Polysulfide epoxy polymer concrete (Source:  Dinitz & Stenco 2010, p 536) 
Epoxy concrete has shown reduced cracking and delamination characteristics and are 
generally known to be good sealers, hard wearing with good chemical resistance but 
brittle (Austroads 2009c) and upon enquiring at several manufacturers the majority did 
not recommend their products as they expected they would not be sufficiently flexible to 
suit the application.  One product that was recommended by the manufacturer is 
OmniGrip HF by Omnicrete Pty Ltd (Figure 2.18).  Described as a “flexible epoxy resin 
material that combines with calcined bauxite aggregate to form a matrix of resin and 
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aggregate essentially creating the equivalent of a synthetic spray seal” that has been used 
on a timber bridge deck in the past (M Garraway 2016, personal communication, 23 Feb).  
This product is readily available and can be applied in the factory with basic equipment. 
2.7.7.2. Polyurethane 
Polyurethanes were found to perform well on flexible steel bridge decks (Hulsey, Raad & 
Connor 2002), concrete bridge decks (Fowler & Whitney 2011) and on flexible asphaltic 
roads (Nicholls 1998) and are known to be versatile, hard wearing, flexible and have good 
weathering and chemical resistance (Austroads 2009c).  Nicholls (1998) describes the 
finished product as being robust but found that the product needs careful storage and is 
sensitive to error in application and therefore procedures must be closely adhered to 
(Nicholls 1998).  Alabama Department of Transport reported poor performance by four 
polyurethane systems (Fowler & Whitney 2011). 
The use of polyurethane for bridge deck road wearing surface systems was found 
internationally, however none of the enquiries made revealed its use within Australia.  
Leeson Polyurethanes in the UK is a supplier of a polyurethane system that has been used 
on a number of bridges including the steel Folda bru bridge in Norway, the Magere brug 
pedestrian and bicycle timber bridge in Amsterdam as well as on several other modular 
steel bridges with claims of good success supported by a product reference from the 
bridge manufacturer (A Brown 2016, personal communication, 14 June).  However due to 
bulk sale quantity and the delivery time these products are out of reach for this project.   
The previously mentioned enquiries to Australian suppliers revealed that most supplied 
polyurethane for lighter duty use and therefore did not recommend their product for this 
application.  However, although not specifically used in this application before, Rhino 
Linings Australia recommended the use of their industrial grade polyurethane product 
called Rhinoguard with the addition of alox aggregate for skid resistance.  The required 
application equipment and training (excluding spray booth) is approximately $20,000.  
The product is used with an epoxy primer suitable for timber substrate, it is flexible but 
sensitive to moisture and high humidity which can adversely affect the crosslinking 
process resulting in reduction of strength. 
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2.7.7.3. Polyurea 
Polyurea is a heavy duty system suitable for use on timber bridges.  It is known for its good 
crack bridging properties even at very low temperatures, excellent abrasion resistance 
and long term stability (Michelson 2010).  Polyurea has been used with success on 
concrete bridge decks by New York Department of Transport (Fowler & Whitney 2011) 
and as a waterproofing membrane under asphalt on a timber bridge decks in Norway, 
however excessive creosote preservative in the timber was causing problems (Michelson 
2010).  It is described as being a rapid cure product but requiring specialised and 
expensive equipment to apply but less sensitive to moisture than traditional 
polyurethanes (Shuang-Ling & Yuan 2006; Weldon 2009).   
High temperature is required to reduce viscosity of the two part system, which are 
pumped at a set ratio usually of 1:1 and mixed at the point of atomisation at the spray 
gun (Weldon 2009).  A rough estimated price from a supplier was $45,000 for the 
application equipment excluding spray booth, PPE and training.  Rhino Linings Australia 
have a polyurea product called Rhino PP which they recommend for bridge deck 
applications.  The use of an air fed respirator is required.  It has a 3 to 6 second gel time, 
it can be walked on within 60 seconds of application and cures in 24 hours. 
2.7.7.4. Polyaspartic  
Polyaspartic is a two part fast drying polyurea/ polyurethane hybrid mix but in contrast to 
both polyurea and polyurethane, can be applied using conventional spray equipment and 
can be applied at a high thickness (Shuang-Ling & Yuan 2006; Weldon 2009).  It is 
formulated to have improved flow and wetting ability with longer gel times of 1 to 40 
seconds in comparison to a typical polyurea with around 5 seconds, potentially providing 
the opportunity for improved bonding (Weldon 2009).   
Rhino Linings Australia have a polyaspartic product called Rhino ArmaFloor 500 which 
they recommend as an easy roll, brush or spray on application potentially suitable for the 
type of bridge deck application in this project.  It is applied to desired thickness by 
repeated layering and the inclusion of quartz sand or paint chip provides skid resistance.  
This product is somewhat moisture sensitive and a maximum humidity of 85% is specified.  
A maximum of 6 to 8 hours recoat time is specified, depending on the environmental 
conditions and where this is exceeded the surface must be sanded and cleaned with 
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acetone before reapplying.  This product is suitable for factory fitment and only basic 
equipment is required. 
2.7.7.5. Methyl Methacrylate 
Methyl methacrylate is a thermosetting acrylic resin system commonly used on concrete 
and steel bridge decks.  Department of Infrastructure Energy and Resources Tasmania 
(2006) specify the use of methyl methacrylate based coatings with aggregate for timber 
foot bridges and for steel vehicular traffic surfaces.  There is no information included on 
vehicular trafficked timber bridge decks.  Nicholls (1998) compared an acrylic resin, of 
which the exact constitution was not given, and it did not perform as well as the epoxy 
and polyurethane options when tested on flexible asphaltic pavement with concerns that 
is was not durable enough.  It also has a fast setting time once mixed of as little as 1 hour 
and therefore specific methods must be followed to ensure good aggregate bond, 
however the setting process was far less temperature dependant than the others.  
The bond strength of methyl methacrylate was found to reduce more significantly than 
epoxy but application can be very thin and done over a wide temperature range of -7 to 
38°C and a cure time of 4 hours at 16°C in comparison to 6-8 and 5-6 hours for epoxy and 
polyester respectively (Fowler & Whitney 2011).  Weber and Pantelides (2015) found 
methyl methacrylate performed well for concrete substrate, however did have the lowest 
pull off strengths compared to other polymer concrete products tested and had the 
largest reduction at 30% in average pull off strength for application after installation to 
application prior to placement. 
2.7.7.6. Rosin Ester  
Rosin ester ranked the lowest based on skid resistance and delamination when tested on 
flexible asphaltic roads by Nicholls (1998).  Rosin-ester was found to have the quickest 
setting time of as low as quarter of an hour and trafficable in as little as half an hour, 
however given that the application took longer than the other systems it may not prove 
to be a quicker solution.  Also, considering that these systems are suitable for factory 
fitment, the setting times are not expected to be a significant issue for this project 
because the bridges are not sitting waiting to be trafficked. 
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In the area of polymer concrete there are a wide variety of options to select from and 
within these choices there are many adaptations to create desirable characteristics based 
on the job at hand. 
2.7.8. Compacted Aggregate 
Compacted aggregate with good drainage can also be used for a wearing surface on low 
traffic volume bridge decks, however they are usually only considered for temporary 
structures.  The benefits include low maintenance and ease of construction, however due 
to their lack of waterproofing, heavy weight and tendance to cause abrasion they are not 
recommended for glulam or any timber decks.  Recommended thickness of aggregate can 
be up to approximately 150mm for heavy traffic (Ritter 1990).  This system cannot be 
applied in the factory.  It is readily available but must be transported to site, it also 
requires heavy equipment for spreading and compaction. 
2.7.9. StreetBond 150 (Proprietary Product) 
StreetBond SP150E (Figure 2.20) is a recommendation made by MPS Paving Systems, who 
describe it as a flexible, durable, skid resistant two part product that provides water 
resistance and good adhesive properties.  It has two components being Part A: a base 
which is a blend of epoxy modified acrylic resins and aggregate and Part B:  The curing 
agent.  A small amount of water is also added and a colorant where desired (MPS Paving 
Systems Australia 2016).  The acrylic composition may present benefits if high moisture 
content timber is experienced, but this would need further investigation which is outside 
the scope of this project. 
 
Figure 2.20 StreetBond 150E (Source:  MPS Paving Systems Australia 2016) 
It is an economical option in regards to acquisition costs with a price indication of around 
$10/m2 depending on application rate.  Limited information is available on how long it is 
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expected to last on glulam bridge decks, however on asphalt surfaces it is advertised to 
last between 1 to 5 years depending on trafficking conditions and reapplication is claimed 
to be fast and easy.  The product can be applied in the factory using basic equipment and 
is readily available to purchase. 
2.7.10. AS-250 Anti Slip Coating by American Safety Technologies (proprietary 
product - epoxy with Kevlar) 
AS-250 is a heavy duty two component epoxy product with Kevlar that was suggested by 
an experienced level 3 bridge inspector as a possible solution to meet the needs of the 
project.  AS-250 is manufactured by an American company called American Safety and 
can be sourced from the Australian supplier, Yardmark Pty Ltd.  AS-250 is described by 
American Safety as a “heavy duty, two component epoxy with Kevlar which is formulated 
for maximum durability under heavy vehicular traffic….. originally developed for 
application on flight decks of aircraft carriers to provide the greatest possible resistance 
to wear and tenaciously adhere to decks so as not to fracture or disintegrate under the 
impact of high speed aircraft landings” (American Safety Technologies 2016).  It can be 
rolled, troweled or sprayed onto a clean sound timber surface and requires the 
application of PS-100 water-based primer.  Due to time limitations, this product was not 
available for testing. 
 
Figure 2.21 AS-250 (Source:  American Safety Technologies 2016) 
2.7.11. Preformed Sheeting 
The application of preformed sheeting options may also provide a solution (Figure 2.22).  
Hulsey, Raad and Connor (2002) conducted testing on an orthotropic steel bridge deck 
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and found that among other systems mentioned in the previous sections, Cobra X grade 
crossing modules performed well.  These modules are injection-moulded, high-density 
polyethylene material on a honeycomb base and are designed specifically for railroad 
crossings.  They are known to have good resistance to wear, abrasion, moisture and 
solvents.  Their interlocking design allows for ease of installation.  There are also other 
panel systems available such as the low noise design panels made from a high percentage 
rubber mix bound together with polyurethane.  These 1m2 panels have been tested over 
asphalt roads in Japan in 2006 and Sweden in 2004 and upheld good characteristics such 
as skid resistance, but were found to retain water and are still very much in ongoing trial 
and development stages (Sandberg & Goubert 2011). 
 
Figure 2.22 Road Panels tested in Sweden in 2004 (Source Sandberg & Goubert 2011) 
2.7.12. Other 
Another more agricultural system considered was the use of an external grade paint with 
sand for added skid resistance, although this would provide initial skid resistance and 
weatherproofing, it is not expected to last any length of time. 
Austroads (2009d) includes acrylic oil resistant seal treatment for applications where oil 
is expected to be an issue. 
 Summary 
The literature review has highlighted the lack of research in the area of road wearing 
surface systems for glulam softwood timber bridge decks.  The knowledge in the field 
specific to glulam bridge decks is also lacking, with the general approach being to apply 
systems that are used on other bridges and pavements including asphalt, spray seal or 
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concrete.  This may be partially due to the lack of standards and guidelines in the area, or 
to bridge owners preferring to use existing familiar systems that they already have 
equipment for.  Adding the modular component where in-factory fitment is desirable adds 
further constraints and reveals even more gaps in the literature not only associated with 
glulam timber bridge decks, but with modular decks of all types with limited research 
being found. 
Several systems have been discussed here, of which asphalt and spray seal appear to be 
the most commonly used, however many other options are available, each having their 
own advantages and disadvantages.  Due to unique nature of this project and the limited 
information available specifically on glulam timber bridge decks, a weighted selection 
process will be used to determine the best theoretical options to put forward for the 
testing stage.  This selection process will be set out in the next section. 
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Chapter 3. Trial Surface Selection for Testing Phase 
 Introduction 
The selection of a road wearing surface needs much consideration and depends on many 
factors including traffic distribution, safety, economics and meeting the needs of the 
stakeholders (Ritter 1990).  A nominated limit of 5 road wearing surface systems will be 
trialled and therefore a process had to be utilised to evaluate alternative solutions and 
identify the best options based on requirements.  Decision making should be systematic, 
well documented and transparent, and one such method is the use of a decision matrix 
with weighted criteria (Dowling, Carew & Hadgraft 2013) such as that recommended by 
Hulsey, Raad and Connor (2002) for road wearing surface selection.   
The methodology used here has been to identify the needs of the bridge owners, 
regulatory bodies, manufacturers and the glulam bridge deck system, provide each 
criteria with a level of importance weighting based on how important that particular 
criteria is, as well as how flexible that need is.  Each road wearing surface system is then 
assessed against these needs and given a score as set out in Table 3-1.  The 5 options with 
the highest score have been put forward for testing and the completed matrix is included 
in Appendix B.   
From the outcome of the literature review, including discussion with a number of regional 
council representatives and other road regulatory bodies such as Queensland Transport 
and main roads, the following were found to be the most prominent requirements and 
these have been used in the selection process to help identify the top 5 product choices.   
These needs are largely interrelated and overlapping for example waterproofing, which is 
a requirement of the glulam deck can lead to structural damage which is a concern of the 
customer as it can lead to unsafe passage which is a concern of the bridge user and the 
regulatory bodies.  Safe passage is considered the main need of the user which demands 
that the road wearing surface should provide skid resistance and a smooth safe running 
surface.  These needs can also be considered a requirement of customers and regulatory 
bodies, in their attempt to provide a good product for their customers (bridge users).  
Some of these owners and regulatory bodies have requirements set in place to ensure 
performance of these attributes, such as skid resistance testing, bond strengths and other 
design requirements.   
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 Selection Criteria 
3.2.1. Skid resistance  
As described in previously, skid resistance provides safe braking and acceleration for 
vehicles.  Public safety is considered to be very important and therefore has been given a 
level of importance of 10. 
3.2.2. Smooth Safe Running Surface  
In regards to a road wearing surface system, smooth safe running surface considers 
rideability at initial installation as well as resistance to failures which cause rough surfaces 
such as those described in the potential failures section including potholes and 
delamination.  Ritter (1990) argues that road wearing surface should provide smoothness 
of texture and elevation and be at least as good as the approaching roadways.  Public 
safety is considered to be very important and therefore smooth safe running surface has 
been given a level of importance of 10. 
3.2.3. Durability and Longevity 
Good durability and longevity can decrease costs significantly, as costs associated with 
removal and complete replacement of an initially cheaper road wearing surface system 
may end up more costly than an initially more expensive but longer lasting alternative.  A 
road wearing surface is expected to last several years while maintaining good condition 
and performance and has been given a level of importance of 9.  
3.2.4. Low Maintenance 
A road wearing surface that requires little maintenance reduces costs associated with 
both the maintenance for the road wearing system itself but also potentially the 
maintenance of the structure it is protecting.  For example cracking can allow water 
ingress and if not repaired, can lead to structural damage and high maintenance 
requirements of the deck and substructure.  Partially covered deck systems such as steel 
or timber running planks as well as those that are fastened using penetrating systems 
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such as bolts or nails are generally higher maintenance compared to full deck covered 
systems (Ritter 1990).  Low maintenance is considered to be important and has been given 
a level of importance of 7. 
3.2.5. Cost of Materials 
Cost for material acquisition are considered important for affordability to the customer 
as well as competitive pricing for the manufacturer.  However they are not expected to 
be significant in the overall cost of the bridge project and also in consideration of 
durability and longevity as discussed above they have been given a level of importance 
of 5.   
3.2.6. Product Availability 
Product availability should include reliability of continual supply into the future as well as 
the time it takes to source the product, whether it is usually a stocked product or one that 
takes weeks or months to be manufactured or delivered to fill an order.  It has been given 
a level of importance of 9. 
3.2.7. Proven Performance 
Proven performance of a product can give confidence that the product will perform as 
promoted.  Consideration should also be given to innovative designs if these can be 
backed up by other supporting information or trials in similar situations.  Laboratory 
testing that compares performance to other products used in the field could provide some 
confidence of performance if testing is carefully designed and carried out.  It has been 
given a level of importance of 8. 
3.2.8. Ease of Application 
Ease of application considers the processes, time and difficulty to achieve correct 
application for expected performance.  Products that are difficult to apply may use and 
waste man hours and other resources trying to achieve the required result, however it 
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should be noted that this may be improved with training and experience, and therefore 
has been given a level of importance of 3. 
3.2.9. Factory Fitment 
Factory fitment would allow for higher manufacturer control and in-factory quality control 
processes, as well as minimal trafficking delays once installed.  Bituminous surfacings can 
take days for application processes and to be ready for trafficking, and therefore is likely 
to require alternate routes to allow continuing traffic flow which increase costs.  Also, 
factory fitment would be only mildly reliant on weather conditions.  It is seen as an 
advantageous feature and has been given a level of importance of 6.  
3.2.10. Waterproofing 
Waterproofing protects the road wearing surface system, underlying deck and 
substructure from water ingress.  Water ingress leads to a multitude of potential problems 
such as fluctuations in moisture content of the timber deck causing volumetric changes 
that may be incompatible with the road wearing system, deterioration of the bond 
strength for systems that rely on adhesive bonding leading to other issues such as 
delamination, structural damage to the deck and substructure.  These can all lead to 
unsafe passage for bridge users and high maintenance and costs and therefore is 
considered very important and given a level of importance of 10.   
3.2.11. Protection From Wear 
The glulam bridge deck requires wear protection from vehicular traffic to prolong its 
service life.  Wear protection is considered important and has been given a level of 
importance of 9. 
3.2.12. Weight 
A lower weight product will reduce the permanent load on a bridge and therefore allow 
higher traffic load for the otherwise equivalent bridge design.  Ritter (1990) argues that in 
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the bigger picture that weight is not very significant in new bridge design, however also 
points out that asphalt is three times heavier than the equivalent thickness of timber.  
Weight has been given a level of importance of 6. 
3.2.13. Elastic Modulus 
The elastic modulus of the bonded materials has an effect on the behaviour of the bond 
(Schäfers & Seim 2011).  Aboutaha (2002) completed an analytical investigation and 
argues in support of this theory as results showed that the closer the modulus of the road 
wearing surface was to that of the decking tested, the less delamination occurred.  
Nicholls (1998) also notes that debonding was found where high friction road wearing 
surface systems were thick enough to act independently of the underlying bituminous 
pavements.  However given that the modulus of all materials is not available and testing 
for these is outside the scope of this project, this will not be considered but has been 
included here for completeness and as a potential further research area.   
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 Road Wearing Surface Systems selection for testing 
As previously discussed, various methods were utilised to identify potential road wearing 
systems, including literature review, questioning bridge owners and various professionals 
working in road construction, attending other bridge sites to see what had been used as 
well as multiple internet searches and enquiries.  In summary, it was found that most 
bridges of all types had asphalt or spray seal installed, however there were many other 
options available some of which were discussed in the previous section and listed below.   
1. Asphalt 
2. Bituminous spray seal 
3. No road wearing surface system 
4. Wood planking 
5. Steel Plates 
6. Concrete and Polymer modified concrete 
7. Polymer Concrete 
a. Epoxy concrete 
b. Polyurethane 
c. Polyurea 
d. Polyaspartic 
e. Methyl methacrylate 
f. Rosin Ester 
8. Compacted aggregate 
9. Street Bond 150E (epoxy modified acrylic resin) 
10. AS-250 (Proprietary product) 
11. Preformed Sheeting 
12. Exterior paint and sand/high friction paint 
 
Of these, the following options were the highest scoring using the weighted criteria as set 
out previously in this report: 
“AS-250” epoxy with Kevlar sourced through MPS Paving Systems Australia - As previously 
mentioned, this product was not available in time for testing and although scored well 
could not be included in this project, however would be good for consideration in further 
research. 
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The polymer overlays ranked highest among all products considered and was based on 
slightly generalised versions of the different types of polymer concretes.  Due to the 
unavailability of AS-250 previously mentioned, an opportunity for an additional product 
has arisen and therefore three polymer concretes will be included in the testing.  These 
types include an epoxy, polyurethane and polyaspartic and the products chosen are: 
3.3.1. Epoxy – Omnigrip HF 
“OmnigripHF is a high friction veneer surfacing system comprised of thermosetting 
surfacing compound incorporating specialist high polished stone aggregates designed to 
improve and maintain a high level of skid resistance on asphalt or concrete roads, highway 
and bridge pavements” (Omnicrete 2016).   
3.3.2. Epoxy Modified Acrylic Resin - StreetBond SP-150E  
“The StreetBond SP-150E system is a multi-layer surfacing system suited for light to 
moderate vehicular traffic applications.  StreetBond SP-150E coating is a two-component 
product, consisting of a base and curing agent.  Base, Part A, is a blend of epoxy modified 
acrylic resins and aggregate, packaged in a 20 litre bucket.  Curing agent, part B, is 
packaged in a 1 litre can” (MPS Paving Systems Australia 2016). 
3.3.3. Polyurethane – RhinoGuard 2195 
“Rhino guard is a two-component, rapid curing, elastomeric polyurethane/polyurea 
hybrid membrane lining system which contains predominantly polyurethane technology 
but also contains Polyurea technology to produce a very robust but easy to spray 
membrane lining system (Rhino Linings 2012a) 
3.3.4. Polyaspartic – Rhino ArmaFloor 500AU 
“Rhino ArmaFloor 500 is a two component, rapid curing, hybrid polyaspartic coating 
system that is both durable and decorative for residential and commercial flooring 
applications” (Rhino Linings 2012b).  
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3.3.5. Class 170 Bitumen 
The double/double spray seal using C170 with or without crumb rubber added to the 
bitumen binder represents a fairly common bridge application.  It will provide a good 
comparison to what is generally used on other timber bridge decks.  A cutback bituminous 
binder is heated and sprayed onto the deck surface as a primer, followed by a C170 
bituminous binder with or without crumbed rubber, a spread of 14 mm aggregate and 
another sprayed layer of the same binder with a spread of 7 mm aggregate and 
compacted. 
The replication of field conditions for accurate testing was a concern and despite many 
inquiries this was not able to be overcome to a satisfactory level.  The main problem seen 
was that compaction of the aggregates could not be achieved to the same degree as it 
would in the field with the available resources and sample damage was expected to be 
significant.  Given the widespread use of spray seal on bridge decks, it was seen as an 
important product to include, therefore a compromise was made.  In an attempt to avoid 
misrepresentation as much as possible, the focus of the testing for the bitumen spray seal 
will be for the bond strength of just the C170 bitumen to the timber deck rather than the 
entire designed system.  To do this, the samples will receive a spray application of 1.4 
L/m2 of C170 bitumen at a local depot.   
Images of these selected systems applied to the GSTBD samples can be seen in Figure 3.1 
& Figure 3.2 below. 
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Figure 3.1 Four of the five road wearing surface systems applied to GSTBD samples 
 
Figure 3.2 C170 Bitumen applied to GSTBD samples 
  
Epoxy - OmniGrip HF Polyurethane – Rhino Guard 2195 
Proprietary product – Street Bond Polyaspartic – Rhino ArmaFloor 500AU 
C170 Bitumen 
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Chapter 4. Methodology for Testing 
Many of the methods of research that are being used for testing road wearing surface 
systems on decks are based around field studies where road wearing surface systems are 
placed on a bridge that is in service, a new bridge going into service or a surface that has 
been applied years ago and observing their performance based on set criteria over time.  
There are insufficient resources including lack of available bridges to test and time to allow 
significant use of a bridge and therefore lab testing will be chosen for this project.   
It was found previously that delamination due to insufficient bond between the road 
wearing surface system and the bridge decks and/or within the road wearing surface 
system itself was a significant problem and lead to safety and structural problems.  
Aboutaha (2002) lists the ability to stay bonded to the deck as one of the most important 
properties of a road wearing surface system and Frosch, Kreger and Strandquist (2013) 
and Gopalaratnam et al. (1989) argue that bond failure is a common problem.  These, 
together with the delamination failure that was experienced on the first bridge 
manufactured and installed by Hyne Timber demonstrate the importance of focusing on 
bond strength and delamination testing.  This testing will be done on the 5 road wearing 
surface systems determined in the previous section. 
 Literature Review and Comparison of Testing 
In searching for suitable bond strength tests, the approach taken was to search for 
requirements of various Australian road authorities and to look at testing carried out by 
other researchers.  The tests that were specifically used to test road wearing surface 
systems in relation to bond strength for all deck types are listed below.  It was found that 
some of these are modified versions of adhesive tests and most were conducted on metal, 
concrete and fibre reinforced polymer bridge decks.  Langenber et al. (2010) state that 
wood is more complex to glue than these materials due to its porosity and its readiness 
to absorb moisture from the air resulting in significant volumetric changes, therefore 
testing should be designed specifically to timber.   
Due to the lack of testing found specifically on the bond strength of road wearing systems 
to timber, the focus of the list below has been put on test types rather than the actual 
names of the tests themselves, as a number of tests found were deck material specific.  
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An attempt has then been made to align or incorporate part of an equivalent timber 
adhesive test to each test type, and these are listed in the following discussions.  
Road wearing surface system tests types: 
 Durability Full-Scale Tyre Fatigue Test (Aboutaha 2002) 
 Fracture toughness by cleavage peel and 3 point bending: failure mode 1 
(Aboutaha 2002; Nicholls 1997)  
 Shear adhesion test (Aboutaha 2002; Department of Main Roads 2013)  
 Pull of Test  ((Aboutaha 2002; Eriksson, Wheeler & Kosmalski 2012; Gopalaratnam 
et al. 1989; Nicholls 1997) 
 Delamination by accelerated weathering and inspection (Aboutaha 2002) 
 Thermal expansion (Aboutaha 2002) 
4.1.1. Durability Full-Scale Tyre Fatigue Test 
This test consists of repetitiously applying horizontal and vertical loading through a full 
scale tyre to a section of bridge decking with applied wearing surface overlay in an 
attempt to simulate real traffic loads (Aboutaha 2002).  Its main focus is to analyse 
potential performance in relation to wearing of the road wearing surface in the field, but 
it can also give information on rutting and delamination as found by Aboutaha (2002).  
Varying temperatures and wet conditions can be incorporated into the test.  This test 
requires extensive facilities (Figure 4.1) and time to conduct and due to resource 
limitations it is unsuitable for this project. 
 
Figure 4.1 Durability Full-Scale Tyre test (source: Aboutaha 2002) 
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4.1.2. Fracture Toughness by Cleavage Peel:  Mode 1. 
Fracture toughness (G1c) tests are used to estimate the energy required to initiate crack 
growth in the adhesive between two faces of bonded materials and also to determine 
crack behaviour (Langenber et al. 2010).  Resistance to crack initiation and propagation is 
a very important characteristic of a road wearing surface system (Aboutaha 2002).  It may 
be described as a materials resistance to crack propagation which is highly relevant when 
considering delamination.  Cracks can propagate from micro cracks that form in areas of 
high stress or sharp notches, which in road wearing surfaces are common due to 
irregularities such as the inclusion of aggregates and fatigue or reflective cracking 
(Langenber et al. 2010) and therefore this test is considered highly relevant to this project.  
Fracture toughness Mode 1, also commonly referred to as cleavage peel will be 
considered further. 
Aboutaha (2002) used an adaptation of a cleavage peel test with double cantilever beam 
samples and a cleavage peel test incorporating fracture toughness with 3 point bending 
test samples to test the bond strength of road wearing surface systems to a fibre 
reinforced polymer bridge deck.  Although the fracture toughness component was not 
incorporated with the double cantilever beam sample test in this instance, it is a common 
extension of it.  No current standard method for fracture toughness by cleavage peel for 
timber, or for road wearing systems was found.  However a number of researchers testing 
timber adhesives proposed variations to the existing adhesive fracture toughness tests to 
accommodate the properties of timber and its tendency to fail within the timber rather 
than the glued interface under the loading conditions of this test.   
Crack propagation is usually categorised as slow/stable or fast/unstable.  Slow/stable can 
be identified by the cracks propagation velocity being dictated by the displacement of the 
test rig head due to a limited ability to contain stored energy within the sample, and 
represents low fracture toughness.  While fast/stable occurs when a sudden and 
significant crack occurs after energy has been stored within the sample and represents 
high fracture toughness. 
4.1.2.1. Fracture toughness test with Double Cantilever Beam Sample  
Double Cantilever Beam (Figure 4.2) is the most common sample type for fracture 
toughness mode 1 and have been carried out under a variety of geometries (Baba 2011; 
Veigel & Follrich 2010) including various sizes of flat and contoured sections with and 
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without loading plates.  The concept is that the onset and propagation of a crack depends 
on fracture toughness and when the energy release rate (G1) reaches its critical value 
(G1c) interlaminar crack onset occurs.  For the test, two pieces of substrate are adhered 
together and then pulled apart at one end.  Load over deflection diagrams are recorded 
and analysed to determine maximum load to initiate a crack/failure and to identify ductile 
or brittle behaviour (Aboutaha 2002).  The fracture toughness is then calculated using one 
of a number of different methods to calculate critical energy release rate (G1c).  These 
including the modified beam theory (MBT), compliance calibration method (CC), modified 
compliance calibration method (MCC) and area method (ASTM International 2013). 
Some of the tests for Fracture Failure Mode 1 Double Cantilever Beam are: 
 ASTM D3433-00 Standard test method for fracture strength in cleavage of 
adhesives in bonded metal joints  (Jenning et al 2005 uses a modified version of 
this test) 
 ASTM D3807 Standard test method for Strength properties of adhesives in 
Cleavage peel by tension loading (Engineering plastics to engineering plastics) 
(Aboutaha, 2002 used this test for road wearing surface of FRP decking with no 
fracture toughness component) 
 ASTM D5528-94 Standard Test Method for Mode 1 interlaminar Fracture 
Toughness of Unidirectional Fibre-Reinforced Polymer Matrix Composites 
(designed specifically for stable cracking occurrence and is not suitable where 
unstable cracking occurs) 
 BS 5350-C1 Methods of test for adhesives.  Adhesively Bonded Joints:  Mechanical 
tests: Determination of cleavage strength of adhesive bonds  (used for rigid 
materials) 
 
Figure 4.2 Cleavage Peel by Tension Loading test (Source: ASTM International 2012) 
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Research carried out by Ebewele et al. (cited Jennings et al. 2005) identified that the grain 
angle of the sample effects crack propagation in the double cantilever beam sample.  A 
wood grain angle of 3 degrees to the longitudinal axis of the timber sample is 
recommended and is expected to reduce failures occurring with the timber before the 
bond regions.  Jennings et al. (2005) incorporated this into their timber adhesive testing 
regime.  75 mm sections were manufactured (Figure 4.3) and from these 20 mm samples 
were cut for testing.  They conducted cyclic testing where an average of 20 cycles was 
applied to each sample, each cycle consisting of applying load until crack initiation then 
pausing for 45 seconds for applying load again.   
 
Figure 4.3 Samples used by Jennings et al (2005) 
This test appears to have good potential for this project, however, the Young’s modulus 
of every adherent tested is required for all but the area method, but will not be available 
without further testing, which is outside the scope of this project.  The “area method” 
also referred to as the “fracture energy concept” divides the area under the load-
displacement curve by the fracture surface area of the sample and provides good 
comparisons to the compliance method with use of ASTM D5528 (Baba 2011).  However, 
the use of automatic recording equipment is best to accurately record data required for 
the area method and is also not available for this project.  So, whilst it is argued here that 
the double cantilever beam test for fracture toughness mode 1 would provide relevant 
information to achieve the aims of this project, it will not be carried out, but it is 
recommended for future research in this area. 
4.1.2.2. Fracture toughness test by three point bending 
The fracture toughness test by three point bending works on the same principle as the 
cleavage peel test, in that a force is used in an attempt to induce a crack.  The energy 
required to create that crack is calculated.  For this particular version, the adhesive is 
placed on a long thin section of substrate which is then loaded under 3 point bending 
(Figure 4.4) until either a crack occurs or until the sample fails.  The method of failure is 
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also observed and recorded to identify what section of the bond failed.  ISO14679:1997 
Adhesives – Measurement of adhesion characteristics by a three-point bending method 
is standard for fracture test by three point bending that is suitable for steel substrates and 
appears suitable for adaptation to timber. 
 
Figure 4.4 Examples of fracture toughness tests by three point bending (source:  ISO14679-1997) 
Due to the nature of this test, the adhesive should be stiff enough to fail at the interfacial 
zone (International Standards 1997), which given that the road wearing surface systems 
selected for the testing phase of this project include a very flexible bituminous binder, this 
is expected to pose a problem.  Also it is expected to be difficult to identify the point of 
crack initiation in the thin surfacings including Rhino ArmaFloor 500AU and Streetbond.  
Therefore this test will not be carried out for this project as other test options are available 
and considered more suitable in this instance.  
4.1.3. Shear Adhesion Tests 
The shear adhesion test is designed to test the strength of an adhesion in shear and 
provides a uniform means to test and compare multiple products.  Shear adhesion is 
important as it is the ability of a road wearing surface system to resist forces applied in 
the same plane as the deck.  This type of loading is expected to occur in the field due to 
traffic.  The data collected is only used for comparative or ranking purposes and not in 
design (Langenber et al. 2010).  The two more common methods are a block test of 
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adhesion under shear compression loading and a lap shear in tensile test.  The maximum 
load required to shear the sample apart and the percentage wood failure is usually 
recorded.  If there is a high percentage of wood failure then wood shear has occurred 
rather than adhesive shear (Langenber et al. 2010) and therefore only a general statement 
can be made in that the adhesive shear strength is in excess of what was found in the test.   
The shear strength is calculated using the following relationship: 
߬ = ܲ
ܣ
 
where τ= shear strength (MPa), P = ultimate applied load (N) and A = the shear area (mm2) 
4.1.3.1. Block shear test 
The block shear test with shear compression loading (Figure 4.5) consists of adhering two 
blocks of timber, placing them in a jig frame (Figure 4.6) and then applying load to shear 
the block apart.  The maximum loading required to shear the two blocks apart and the 
percentage wood failure is used to compare to other different systems.  Department of 
Main Roads (2013) specifies that waterproof membranes must meet the requirements of 
BD47/99 appendix B.  BD47/99 calls for shear tests to be done on 15 samples for asphalt 
on concrete decks, 5 of each at the following temperatures: (-12° to -8°C).(21°C to 25°C) 
(38°C to 42°C).  Due to the affect that temperature has on bitumen, samples must be 
preconditioned at these temperatures for at least 4 hours.  For compliance they must 
have a stress at failure of at least 0.2 N/mm2 at two lower temperatures and, 0.1 N/mm2 
at the higher. 
Some examples of block shear tests are 
 ASTM D905-03 Standard Test method for strength properties of adhesive bonds 
in shear compression loading 
 BD47/99 Design Manual for roads and bridges:  Volume 2, Section 3, Part 4:  
Waterproofing and Surfacing of Concrete Bridge Decks by UK Highway Agency, 
Appendix B:  Surfacing to Waterproofing system interface shear adhesion test 
 AS/NZS 4364: 2010:  Timber – Bond performance of structural adhesives, 6.6 
Shear Strength and wood failure Method A Block shear  
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Figure 4.5 Block adhesion test with compression loading (source:  Langenber et al 2010) 
 
Figure 4.6 Shear Block Test Frame example (Source:  The Highways Agency 1999) 
4.1.3.2. Shear tensile test 
The second shear test is the shear in tensile test (Figure 4.7).  This generally consists of 
adhering two pieces of wood together, saw cutting through the depth of one piece of 
wood plus the depth of adhesive at specific locations on each side of the sample and then 
applying tensile load until the two pieces shear apart.  The maximum load taken to shear 
the timber apart is recorded along with the percentage of timber failure.  The Australian 
Standard for timber adhesives, AS/NZS 4364:2010 as listed below, specifies the British 
Standard EN302-1 Adhesives for load-bearing timber structures (also listed below) for the 
tensile shear strength test.   
The following is a list of shear in tensile tests for timber: 
 ASTM D906-98 Standard test method for strength properties of adhesives in 
plywood type construction in shear tension loading  (Grain direction is with the 
applied load) 
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 ASTM D2339 – 98 Standard Test Method for Strength properties of adhesives in 
Two-Ply wood construction in shear by tension loading.  (Grain direction is parallel 
to the applied load) 
 ISO 6237:2003 Adhesives - wood to wood adhesive bonds – determination of 
shear strength by tensile loading 
 AS/NZS 4364: 2010:  Timber – Bond performance of structural adhesives, 6.6 
Shear Strength and wood failure Method B Tensile shear Which calls for BS 
EN302-1 
 BS EN302-1 Adhesives for load-bearing timber structures. Test Methods.  
Determination of longitudinal tensile shear strength. 
 
Figure 4.7 Shear strength by tension loading (source: modified from ISO 6237:2003) 
4.1.3.3. Comparison of Shear Tests 
In comparing these two shear test types, Derikvand and Pangh (2015) and Serrano (2004) 
agree that the lap shear tensile test used (BS EN 302-1) gave more reliable results than 
the block shear test used (ASTM D905).  Serrano found 40% less variability of results in 
the lap shear tensile test, and argued that due to its large size, the block shear test sample 
in ASTM D905 experiences non-uniform stress distribution leading to an underestimation 
of the shear strength.  However the small area in the lap shear test may be considered 
problematic when testing the thicker road wearing surface systems.   
Both the lap shear tensile and block shear tests experienced eccentric loading problems.  
The lap shear design experiences it on initial loading (Derikvand & Pangh 2015 & Serrano 
2004) while the block shear test experiences it if any gap occurs between the test frame 
and the sample.  This causes a peel stress reducing the shear strength estimation, but on 
69 
 
the other hand friction from the design of the block shear test jig frame tends to introduce 
an overestimation of the shear strength (Serrano 2004) and this should be considered in 
jig frame design.    
Both tests were found to be sensitive to errors due to incorrect cutting depths (Figure 4.8) 
with a cut as little as 0.5 mm too deep or too shallow causing sufficient error to be 
considered incomparable to correctly cut samples (Derikvand & Pangh 2015).  However 
the design of the BD47/99 Design Manual samples do not present this problem as the 
blocks do not extend past each other and do not require this partial depth cutting process.   
 
Figure 4.8 Common errors in cutting samples for shear strength tensile test and block shear test 
(Source:  Derikvand & Pangh 2015) 
The BD47/99 block shear test is requested by the Queensland Department of Transport 
and Main Roads, is specifically designed for bond strength of a waterproof membrane for 
bridge decks and therefore provides a benchmark for comparison purposes while all the 
other tests are for structural adhesives.  It is noted however that this test is designed for 
both thick and ductile asphalt surfacings on concrete bridge decks and will need some 
adaption to suit this project. 
In view of all these considerations, the BD47/99 block shear test is the preferred option 
and will be the basis for shear testing in this project as the standard use of it for 
waterproof membranes in road wearing surface systems and the availability of some 
benchmarking gives good argument for its use.  Extra care will need to be taken when 
fabricating the samples and their test rig frame to minimise eccentricity and unwanted 
friction.  The temperature range for samples at testing will be 23 (+/-2)°C.   
As previously mentioned the test was designed to test asphalt which is ductile, relatively 
thick and suitable to apply the load to and induce the shearing action.  Four of the 
products selected in the previous section are considerably thin and expect to fail in a 
brittle manner at much higher levels of stress than the bitumen.  Therefore after 
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discussion with Dr Andreas Nataatmadja, Senior Lecturer (Pavement/Geotechnical 
Engineering) at USQ and project supervisor, it was decided that a steel plate would be 
glued to the surface of the road wearing surface system to provide the pushing surface 
and create the shearing force which will allow for failure anywhere within the system, the 
bonded interface or the GSTBD.  The size of the plate and test samples were reduced to a 
50 mm x 50 mm square to suit the capacity of the equipment and will be further discussed 
in the trial test run section.   
4.1.4. Pull Off Test   
The pull off test was found to be the most commonly used test for bond strength of road 
wearing surface systems on bridge decks.  It provides a uniform way of testing and 
comparing multiple road wearing surface systems based on their ability to bond with the 
GSTBD which is an important parameter in its ability to perform its role.  Most tests are 
based around using a portable testing rig such as ASTM D4541 Standard Test Method for 
Pull-off Strength of Coatings using Portable Adhesion Testers.  This system applies both a 
concentric and counter load which enables testing when only one side of the sample is 
accessible and hence very suitable to field testing situations (Aboutaha 2002).  Brisbane 
City Council (2008) requires the pull off test version in TRL 176 Laboratory tests on High 
Friction Surfaces for highways appendix J report and Department of Main Roads (2013) 
requires compliance with BD47/99 Waterproofing and Surfacing of concrete bridge decks:  
appendix B-d “Tensile Adhesion Test”.   
The test is used to estimate the pull off adhesion strength to pull off a plug of surface 
material as well as identify failure modes.  A metal test dolly or plate is glued to the surface 
material which has been scribed around.  A perpendicular tensile force is applied via the 
test machine until failure occurs.  The maximum force required to pull off the plug is 
recorded and the failure line is analysed.  The test depends on the adhesive strength of 
the pull off test dolly/plate to the top of wearing surface system being stronger than the 
road wearing surface system layers and bond to the substrate or else the test will fail.  
There are standards available for the pull off tests for metal and concrete substrates, 
however nothing was found specific to timber.   
The pull off adhesion strength is calculated using the relationship: 
ܺ = ி
஺
      (4.1) 
71 
 
where   X is pull off adhesion strength [MPa]; 
  F is maximum applied force to the test surface at failure [N]; and  
  A is area [mm2]. 
Both TRL 176 appendix J and BD47/99 appendix B versions are very similar and provide 
details of the same pull off test system.  The TRL176 appendix J “Test procedure for tensile 
adhesion” version has more detailed information on the process in comparison to 
BD47/99 and an example of a suitable pull off tester is included in Figure 4.10.  ASTM 
D4541-09 Standard Test Method for Pull-Off Strength of Coatings Using a Portable 
Adhesion Tester also includes a list of suitable portable adhesion testers including the 
Elcometer 106 shown in Figure 4.9. 
 
Figure 4.9 Example of Portable Pull Off Tester for ASTM D4541:  Elcometer 106 (Source: ASTM 
D4541-09)  
 
Figure 4.10 Example of tensile pull-off apparatus (source TRL176, 1997) 
A testing mechanism was designed for use in the Hyne tensile machine (Appendix C), 
however on further consideration the decision was made to use an Elcometer 106 
portable pull off tester.  The main reasons behind this decision were that the Elcometer 
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106 had built in design to minimise eccentric loading, while the system designed to the 
TRL176 report guidelines and included in Appendix C would be difficult and expensive to 
manufacture to the same standard.  Also the Elcometer 106 has the capacity to safely 
achieve the forces estimated to cause failure of up to 7 MPa, whereas the TRL176 report 
specifies application of a maximum load up to 20 kN which is only 2 MPa on the specified 
sample size.  It is assumed the limit is placed on the test for safety reasons due to the high 
load required for the much larger 100 mm x 100 mm sample size.  It is stressed that 
different apparatus used can give variations in results (ASTM International 2009) and 
therefore when comparing any results to benchmarks or results from tests using different 
testing apparatus this must be kept in mind.  It is also noted however that the variations 
would be expected between different rigs manufactured under the TRL176 report 
guidelines anyway. 
4.1.5. Delamination Tests 
Delamination tests found were conducted via visual inspection of samples that had been 
exposed to accelerated aging tests.  No delamination tests specifically for timber bridge 
decks were found, however tests relevant to accelerated aging for timber were.  These 
tests generally expose the wood to changes in moisture content and temperature which 
are repeated a number of times and then close visual inspection of the samples was 
carried out to identify, photograph and measure any cracks or delamination.   
Aboutaha (2002) incorporated ASTM C884 Standard Test Method for Thermal 
Compatibility between concrete and Epoxy Resin Overly followed by two further custom 
tests.  This involved 5 cycles of freeze thaw, followed by 5 cycles of freeze, thaw, heat, 
room temperature, followed by 5 cycles of freeze and water submersion, recording details 
and photos of test samples.  Due to the expected potential issues associated with the 
volumetric changes in the timber, the approach taken in finding a suitable delamination 
test was to look at test methods specific to timber.   
The following delamination tests for timber were found and are considered suitable for 
this application: 
 AS/NZS 4364:2010, 7.6 Delamination resistance test:  Submerge in 17 to 27°C 
water under vacuum on 65 to 85 kPa for 2 hours, apply pressure of 520 to 560 
kPa for 2 hours, draw a vacuum of 65 to 85 kPa for 2 hours, and apply pressure 
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520 to 560 kPa for a further 2 hours.  Dry samples for 88 hours at 26 to 30°C.  
Repeat the cycle 3 times (12 days total cycling time).  Within 1 hour of final drying 
period, measure delamination on the end grain faces. 
 BS EN302-2 Cyclic delamination test.  Stage 1: vacuum 25 kPa for 5 minutes, 
pressure 600 kPa for 60 minutes, repeat stage 1, Stage 2: Dry for 22 hours at 65°C, 
Stage 3: repeat stages 1 and 2 twice more and visually inspect for delamination. 
 ASTM D2559 Cyclic delamination.  Cycle 1: vacuum 85 kPa for 5 minutes, 520 kPa 
pressure for 60 minutes, repeat cycle, dry for 21.5 hours at 65°C, Cycle 2: heat 
with steam at 100°C for 90 minutes, submerge in tap water under 520 kPa 
pressure for 40 minutes Repeat Cycle 1.  Visually inspect samples for 
delamination. 
 Timber Construction Test – T110 (Cyclic delamination procedure) Vacuum 
pressure soak at 68 to 85 kPa in 18 to 29°C water for 30 minutes, followed by 483 
to 552 kPa of pressure for 2 hours, then drying at 68 to 74°C before testing.  
(Vrazel, cited Langenber et al 2010). 
The delamination test is expected to be very relevant and the Australian Standard takes 
preference as it is expected that an attempt has been made to replicate the conditions of 
Australia better than the international standards would.  However the AS/NZS 4364 
requires 12 days of lab equipment time and does not incorporate a heat element which 
could be relevant given the GSTBD will be located in hot and sunny conditions.  Therefore 
a modified version of AS/NZS 4364 will be used.  This modification will incorporate all 
aspects of the cycle design apart from supplementing the BS EN302-2 drying time and 
temperature of 22 hours and 65°C which will reduce the lab equipment use time down to 
a more manageable time period and provide the thermal contributions into the test.   
The sample sizes differ from those given in the standard as it is designed to test 
delamination of multiple glue laminated timber pieces which are not a component of this 
project.  The delamination samples will be made in two sizes to match that of the pull off 
test and the shear block test as this allows them to be reused as test samples for these 
tests for an extra comparison of how the delamination process affected their 
performance.      
The analysis of the samples to evaluate delamination will be a slightly modified version of 
AS4364 section 7.6.1.5 due to the variation in sample size and the presence of only one 
bond line.  This modification will include consideration to all four sides of each sample, 
rather than only two sides considered in this standard.  Due to this modification the <1% 
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rule cannot be used with any weight, but rather the test will be used purely to rank the 
different systems.  This standard calls for magnified inspection of the surface with an aim 
to identify any cracks in the bond (cohesive or adhesive) and measure their length.  Using 
this data the total delamination percentage ( ) is calculated from:   
, *100
*10
bondline delam
bondline
l
l
          (4.2) 
where    is delamination percentage; 
  lbondline, delam is length of delamination on bond line of all 4 sides of sample 
  [mm]; and 
  lbondline is total bond line length on side of all 4 sides of sample [mm]. 
4.1.6. Accelerated Aging Methods, Effects of Moisture, Thermal Variation and 
Cyclic Stresses 
There are a number of variables that affect the bond strength of adhesives or in this case 
bond of road wearing surface system to glulam softwood timber.  However there is a lack 
of reliable accelerated aging/conditioning methods available (Langenber et al. 2010). 
As discussed earlier, water causes significant volumetric changes in timber with 
dimensional change most significant perpendicular to the grain then parallel (Eriksson, 
Wheeler & Kosmalski 2012) and can create areas of high stress in the bond line leading to 
delamination (Langenber et al. 2010).  In addition, water can degrade the bond a number 
of ways including plasticization, swelling, disrupting secondary bonds and altering the 
adhesive and it can enter the joint via diffusion, wicking through cracks and through the 
porous timber (Langenber et al. 2010).  Oil based wood-treatments offer some protection 
by restricting this flow of water into the wood, however the glulam softwood timber deck 
will be treated with copper-azole.  Water-borne preservatives can allow rapid changes in 
timber moisture content leading to large cracks (Eriksson, Wheeler & Kosmalski 2012).  A 
road wearing surface system is required to protect the GSTBD from exposure to water for 
many years, however if the waterproofing were to fail then the substrate would become 
wet.  Therefore wet testing is considered to be an important part of and will be included 
in the testing regime.   
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Thermal expansion of the timber itself is not considered to be significant (Eriksson, 
Wheeler & Kosmalski 2012) however the thermal expansion of the road wearing surface 
systems should be considered as they may vary considerably to that of timber.  Also, a 
variation in temperature may bring with it large changes in modulus of elasticity of the 
road wearing surface systems and where large differences of modulus of elasticity and 
thermal expansion occur between adhesive (road wearing surface system in this case) and 
adherent (GSTBD), a build-up of stress can occur resulting in delamination (Langenber et 
al. 2010).  In the cases of thin polymer concrete overlays the thermal expansion is 
expected to be negligible due to the very thin bond layer (Fowler & Whitney 2011).  
Temperature can also accelerate chemical degradation.  Thermal expansion is considered 
a relatively important aspect and will be incorporated into the delamination testing 
method selected.  Samples will be allowed to cool and then tested at room temperatures 
of 23 (+/- 2)°C. 
Cyclic stresses are more severe at degrading bonds between materials than constant 
stress loads (Langenber et al. 2010) and although this is seen as an important factor, the 
resources of time and machinery are currently not available for this project and therefore 
cyclic loading will not be carried out other than the repeated wet/dry cycle incorporated 
into the delamination test selected.  
4.1.7. Wet Sample Preparations 
The following aging methods have been used in an attempt to simulate water and/or 
environmental exposures for external use wood adhesives and although they have not 
specifically been found to be used for bond strength of road wearing surface systems it is 
expected that they would be suitable options.   
 ASTM D-1037 - the sample is exposed to 50°C and 100% relative humidity for 2 
hours, 102°C and 0% Relative Humidity for 4 hours (Scoville, cited Langenber et al 
2010).  
 Timber Construction Test – T110 (Cyclic delamination procedure) Vacuum 
pressure soak at 68 to 85 kPa in 18 to 29°C water for 30 minutes, followed by 483 
to 552 kPa of pressure for 2 hours, then drying at 68 to 74°C before testing.  
(Vrazel, cited Langenber et al 2010). 
 ASTM D3434 Standard Test Method for Multiple-Cycle accelerated aging test 
(Automatic Boil Test) for exterior wet use wood adhesives.  Involving up to 800 
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cycles of boiling for 10 minutes, drying at 23°C for 4 minutes then 107°C for 57 
minutes. 
 AS/NZS 4364 Bond Performance of Structural Adhesives – 7.5.1.4  Vacuum 
pressure test.  Samples are placed in pressure vessel, submerged in 18 to 27°C 
water, vacuum of 65 to 85 kPa for 30 minutes followed by pressure of 520 to 560 
kPa for 2 hours, then test samples wet 
 AS/NZS 4364 Bond Performance of Structural Adhesives – 7.5.1.5 Boil-dry-freeze 
test.  Samples are submerged in boiling water for at least 4 hours, dried in an oven 
at 57 to 63°C for 18 to 19 hours, then placed in a freezer tunnel at <=(-30°C) for 
at least 4 hours.  This is repeated seven more times, then submerge again in 
boiling water for at least 4 hours, remove and cool in water 1 to 27°C.  Test while 
wet. 
 2 hour boil cycle followed by drying for 22 hours at 102°C (repeated up to 4 cycles) 
(Scoville, cited (Langenber et al. 2010) 
The AS/NZS 4364 7.5.1.4 Vacuum pressure test method will be used for the wet condition 
for the shear block and pull off tests.  Although the inclusion of thermal expansion is also 
regarded as important, it will be incorporated into the delamination testing and so the 
isolation of wet conditions provided by AS/NZS4364 is considered beneficial.  Also, it is a 
current Australian standard and the bridges are currently designed for use within 
Australia.    
 Final Selection of Testing 
Three test methods have been identified and will be carried out based on current 
standards, incorporating modifications where necessary and explained previously to 
accommodate the differences that this project presents including the variation of road 
wearing surface systems, GSTBD and facilities available.  Due to the difficulties many 
researchers have discussed in correlating test results to actual in service performance, as 
well as the lack of testing standards available to provide benchmarks and comparisons for 
GSTBD, the approach taken is to provide a rank of the selected road wearing surface 
systems bond properties and include a comparison of the benchmarks available for 
concrete in the shear block and pull off tests.    
All sample numbers have been selected to exceed the number specified in the standards 
and on guidance given by other researchers.  An allowance of spare samples has also been 
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included above these for a safety margin and also for use in test setup experimentation.  
Test 1 for delamination will include 18 pull off test size samples and 12 shear block size 
samples.  Test 2 shear block test will include 12 dry, 12 wet and 12 delaminated samples.  
Test 3 Pull off test will include 18 dry, 18 wet and 18 delaminated samples.  The wet 
samples have been incorporated in the testing in an attempt to identify any differences 
due to wet condition as timber experiences considerable cross grain volumetric changes 
due to variation in moisture content (Langenber et al. 2010).   
4.2.1. Trial Testing and Test Procedure Refinement 
Trial testing was carried out for test 2 - shear block test and test 3 – pull off test to identify 
any potential problems with the systems.  The main issue identified in the trials for test 3 
was the insufficient strength the glue had to the aluminium test dolly and road wearing 
surface Figure 4.11.  This is not ideal as it takes away the ability to reach the load that 
would cause failure in the preferred mode, being road wearing system to GSTBD interface 
or a failure within the road wearing surface system itself.  Initially, five readily available 
glues were tested but had insufficient strength, including the “araldite standard” supplied 
with the Elcometer, a five minute epoxy, 2 hour epoxy and two 24 hour epoxy products 
already in stock at Hyne.     
Further research was carried out and Araldite 2011 was found to be one recommended 
on the Defelsko website document Role of Adhesives in Adhesion Testing process (nd).  
Araldite 2011 was purchased and proved to be a stronger option with less glue failures 
now occurring.  In selecting glue, ASTM International (2012) points out the importance of 
using a glue that will not affect the coatings properties and states that epoxies and acrylics 
are versatile options.  When the trial testing was carried out using the Araldite 2011, there 
were no obvious problems.  The 40 mm test dolly was used for the bitumen while the 
smaller 20 mm test dolly was chosen for the polymer concrete products to work in with 
the size and capacity of the Elcometer 106 pull off tester. 
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Figure 4.11 Failure of the glue line (glue to surfacing and glue to test dolly) 
The high bond strength values found while carrying out the trial test 3 testing signified the 
likely scenario of high shear bond strength tests as well.  Given the large sample size used 
in BD47/99 shear block test method it become apparent that the force required to induce 
the desired failure would be significant.  The BD47/99 test calls for a force to be applied 
up to 20 kN, which represents 0.73 MPa over a 170 mm x 170 mm square sample size 
using pressure=force/area.  This is much less than what is expected from the polymer 
concrete systems and to get a good comparison, failures will need to be achieved.  Based 
on a load of 20 kN, a 50 mm square sample size provides an 8 MPa shear bond strength.  
This is expected to be sufficient to induce failure without excessively loading equipment.   
Trials on these 50 mm square samples went well with the use of an additional block placed 
under the sample to provide support in the frame that had already been manufactured 
for the larger size, drawings for which have been included in Appendix B.  It should be 
kept in mind however that the bond area influences the bond behaviour (Schäfers & Seim 
2011) and this should be considered if comparing these results to test results using other 
sample sizes.  The Araldite 2011 also performed well for the shear block test. 
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Figure 4.12 Shear Block test frame with 50mm square sample size 
The basic outline of the each test is included below and these have been based on the 
information and modifications discussed above.   
4.2.2. Procedure A.  Measurement of Sample Sizes, Surface Thickness and 
Application of Product 
Due to lack of information in the standards for timber substrate preparation, the TRL 
Report 176 Appendix C Procedure for applying high friction surfaces and the 
measurement of surface thickness to concrete substrate will be used as the basis for this 
procedure. 
Sample Low Friction transfer 
Board Provides guidance 
Applied Load 
Load Cell 
Block inserted 
to support 
smaller sample 
size 
Shear 
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Outline of procedure 
1. All GSTBD sample sections will be left for at least 2 weeks in an undercover area 
at ambient temperature prior to carrying out the following.   
2. Measure thickness of each slab (+/-0.1 mm) at approximately 1/3 points along 
each side using callipers and mark those locations on bottom of slab. 
3. Slabs to be at 20 (+/-15)°C for application of road wearing surface system 
4. Prior to application of road wearing surface system, measure and record the 
moisture content of the beams at several locations along its length and on all 
faces. 
5. Apply system as per manufacturer’s directions  
6. Apply aggregate if required 
7. Allow to cure and remove excess and loosely held aggregate with a Hard bristled 
broom  
8. Measure the thickness of the slab + surfacing system to +/-0.1 mm at the points 
marked previously 
9. Calculate the mean thickness of surface applied +/-0.2 mm  
10. Reject any specimens whose thickness is outside the normal range for that system 
(after cutting) 
11. REPORTING:  mean thickness of surface to nearest 0.1 mm separately for each 
slab 
12. Store all samples under cover and at ambient temperature with sufficient time 
for the road wearing surface system to reach strength, as per manufacturer’s 
specifications. 
4.2.3. Procedure B.  Dry Sample Preparation 
Ensure Procedure A. step 12 is complete.  Just prior to testing, measure and record the 
moisture content at two locations on each exposed face of the sample using a moisture 
tester and calculate the average moisture content.   
4.2.4. Procedure C. Wet Sample Preparation 
Ensure Procedure A. step 12 is complete.   
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AS/NZS 4364 Bond Performance of Structural Adhesives – 7.5.1.4  Vacuum pressure test. 
Outline of procedure: 
1. Glue steel plate to surface and allow setting times as per manufacturer’s 
instructions. 
2. Pre-prepared samples are placed in a pressure vessel, submerged in 18 to 27°C 
water,  
3. Draw a vacuum of 65 to 85 kPa for 30 minutes followed by  
4. pressure of 520 to 560 kPa for 2 hours, 
5. Test samples while wet (therefore plates must be glued on prior to completing 
this process) 
4.2.5. Test 1.  Delamination Test 
Ensure Procedure A. step 12 is complete.   
The AS/NZS 4364:2010, 7.6 Delamination resistance test (drying and measurement 
process modified as discussed in section 4.1.5):   
Outline of procedure: 
1. Sample size to match Test 3 Pull off test for each road wearing surface system. 
o 18 samples of each product (total: 90) Which will be used for general 
observation 
2. Sample size to match Test 2 shear block test (50 mm x 50 mm)  
o 12 samples of each product (total 60) 
3. Test Procedure 
o Submerge samples in 17 to 27°C water  
o Draw vacuum of 65 to 85 kPa for 2 hours,  
o Apply pressure of 520 to 560kPa for 2 hours,  
o Draw vacuum of 65 to 85kPa for 2 hours 
o Apply pressure of 520 to 560kPa for 2 hours,  
o Place samples in drying oven at 65°C for 22 hours (adopted from BS EN302-
2) 
o Repeat twice for a total of 3 cycles 
4. Reporting:  
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o Analyse and measure any signs of delamination within 1 hour of drying  
o Modified measurement procedure:  Due to only one bond line, all sides of 
the shear block samples are to be measured for delamination. 
o Modified evaluation procedure:  The delamination percentages will be used 
purely for ranking purposes due to the modifications to the procedure.  
Therefore the maximum of 1% rule will be compared out of interest but not 
used with any weighting.     
o Record any delamination with digital images 
o The total delamination percentage () can be calculated using equation 4.2.   
5. Retain samples for Test 2 shear block test and Test 3. Pull off test 
4.2.6. Test 2.  Shear Block Test 
Due to lack of standards for timber substrate, BD47/99 Design Manual for Roads and 
Bridges:  Volume 2, Section 3 Part 4. Waterproofing Surfacing of Concrete Bridge Decks, 
Appendix B: Surfacing to Waterproofing System interface shear adhesion test (The 
Highways Agency et al. 1999), will be adopted in a modified version for this project as 
discussed previously in the methodology section of this report. 
Outline of procedure: 
1. Sample size: tested area modified to 50mmx50mm as discussed in the test trial 
section of this report. 
2. Sample quantities:  (Total samples=180). 
o 12 dry samples (each product) (60) 
o 12 wet samples (each product)(60) 
o 12 delaminated samples (60) (Test 1. delamination test must be completed 
prior to this test) 
3. Sample preparations: 
o Complete Procedure B Preparation of dry samples for 12 samples of each 
product. 
o Complete Procedure C Preparation of wet samples for 12 samples of each 
product. 
o Obtain 12 samples post-test 1 delamination test of each product. 
o Glue steel plate to all samples and allow sufficient time to set as per 
manufacturer’s instructions. 
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4. Test Procedure 
o Place sample in test frame (see Appendix C) 
 avoid eccentric loading by ensuring no gaps between sample and 
frame 
 avoid excessive unwanted friction by ensuring sample is not held 
too tightly against low friction transfer board. 
o Apply force to the steel plate until failure 
5. Reporting: see Appendix F for data collection form. 
o Record maximum force applied 
o Due to brittle failure, deformation characteristics will not be recorded 
o The stress at failure is calculated using the formula below. 
2
2
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o Compare results to benchmarks provided  
 0.2 N/mm2 at 23 (+/-2)°C is expected for concrete substrate 
(MRTS84 & BD47/99) 
o Inspect the failure face and report on failure mode as per Figure 4.13.   
 Failure may also occur as a combination of two or more of these. 
 
 
Figure 4.13 Failure modes for test 2 Shear Block test 
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4.2.7. Test 3.  Pull Off Test  
Due to lack of standards for timber substrate as well as reasons explained previously in 
the methodology section of this report, this test is a modified version of the TRL Report 
176 Laboratory tests on high-friction surfaces for Highways Appendix J.   
Outline of procedure: 
1. Sample size: circular tested area 20 mm diameter for polymer concrete and 40 
mm diameter for bitumen to suit test range of Elcometer 106 pull off tester 
2. Sample quantities: (total of 270) 
o 18 dry samples (each product)(90) 
o 18 wet samples (each product) (90) 
o 18 delamination tested samples (each product) (Test 1. delamination test 
must be completed prior to this test) (90) 
3. Sample preparations: 
o Complete Procedure A. Measurement of sample sizes, surface thickness and 
application of product 
o Cut the road wearing surface system through to a depth just penetrating the 
substrate  
o Complete “Procedure B.  Dry Sample preparation” for 18 samples of each 
product 
o Complete Test 1.  Delamination test for 18 samples of each product prior to 
completing this test. 
o Glue test dolly with suitable adhesive to all samples and allow to set as per 
manufacturer’s instructions 
o Complete “Procedure C. Wet Sample preparation” for 18 samples of each 
product (test dollies must be glued to surfacing prior to wet sample 
preparation as test must be carried out while samples are still wet). 
4. Test Procedure 
o Samples to be at 18 to 22°C during test 
5. Reporting: (see Appendix G for data collection form) 
o Stress at failure recorded 
o Compare results to benchmarks provided  
 =>0.5 N/mm2 at 20 (+/-2)°C  for concrete substrate (and =>1.0 
N/mm2 (+/-2)°C)  (Brisbane City Council 2008) 
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 >0.3 N/mm2 at 23 (+/-2)°C for waterproof membrane to concrete 
substrate (The Highways Agency et al. 1999) 
 >0.1 N/mm2 at 23 (+/-2)°C for waterproof membrane to asphalt 
(The Highways Agency et al. 1999) 
o Inspect the failure face and report on failure mode Figure 4.14 
 Failure may also occur as a combination of two or more of 
these 
 
Figure 4.14 Failure modes for test 3. Pull off Test 
 Application of Road Wearing Surface Systems 
Of the 5 road wearing surface systems selected for trial, 2 were applied by the author and 
Hyne factory staff while 3 were applied by the supplier in their factory or depot.   
4.3.1. Deck Sample Preparation 
The deck samples were manufactured on 1 June 2016.  These were kept under cover in 
the enclosed factory shed for a minimum of 21 days prior to application of any of the 
products.  Any sections with knots or surface faults were marked and photographed so 
that these locations could be avoided when selecting and cutting out the test samples.  A 
belt sander with 60 grit paper was used to sand the surface.   
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4.3.1.1. Omnigrip HF (epoxy) 
The Omnigrip HF product was applied by Hyne staff, it is a two part system that is mixed 
in a ratio of 1:1 by mass.  No primer was required and only one layer of the product was 
required making it a very simple and quick one process option.  Once the product was 
combined, it was mixed using a mixing attachment on a drill for the required 2 minutes 
and was then applied to the surface using a 6mm notched trowel and allowed to self-level 
(Figure 4.15).  The product was applied under cover inside the factory shed and the 
ambient temperature at time was 23.8°C.  Once the product took on a “glassy” 
appearance as described by the supplier, the bauxite aggregate was sprinkled by hand 
over the surface until complete coverage was achieved.  This was then allowed to set.  
Due to difficulty in achieving a good bond surface area with the irregular top surface of 
the aggregate for the test dolly in the pull off test, separate samples were made without 
the aggregate in the system.  
 
Figure 4.15 Application of OmnigripHF 
The appearance of this system is similar to what may be expected as a road wearing 
surface, with full coverage of aggregate.  The bauxite aggregate is very sharp and the 
finished samples had to be handled with gloves to avoid cuts.  The instructions and 
application were easy to follow and being a one layer process was less involved and less 
time consuming than some of the other systems tested.   
4.3.1.2. Street Bond 150 
Street Bond system was applied by Hyne staff, it uses a combination of Part A, Part B, 
colorant and water.  The water component can be varied based on environmental 
conditions.  The kit supplied for this project came in premeasured volumes and no primer 
was required.  Once the product was combined and mixed, it was then applied as a thin 
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layer to the surface using a roller (Figure 4.16).  Each layer was rolled perpendicular to the 
previous layer, with the first layer being applied with the timber grain.  The first layer was 
left to become touch dry before application of the second layer, which was left to cure 
overnight prior to application of the third layer the following day.  The product was 
applied under cover inside the factory shed and the temperatures at time of application 
of the three layers were 23.1, 24.5 and 17.6°C respectively. 
 
Figure 4.16 Application of StreetBond 150 
The appearance of this system is render like, with a fine textured rough surface.  Street 
Bond C150 was easy to mix and apply, but the waiting times between layers could lead to 
challenges in coordinating work schedules around other projects in the workshop. 
4.3.1.3. Rhino ArmaFloor 500 AU (polyaspartic) 
Armour floor is a two part 3 layer system, mixed at a ratio of 1:1 by volume.  It does not 
require a primer, however the surface humidity of the timber is recommended to be less 
than 5% with 10% being the maximum.  The samples were tested just prior to application 
and they all had a surface humidity of less than 3%.  To achieve better penetration into 
the timber and easier spreadability, 10% thinner may be used.  The product was not 
thinned in this instance.   
A roller was used to apply each coat in a cross hatching action.  The first and second layers 
were allowed to become touch dry before the second and third coats were applied which 
took 2 and 2.5 hours respectively.  Temperatures were 21.8°C with 79% humidity, 22.4 
and 76% humidity and 23.8°C with 72% humidity.  Quartz sand was added immediately 
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after application of the 2nd coat and the top coat was applied at 1.5 times the amount of 
the first two coats (Figure 4.17). 
 
Figure 4.17 Application of Armour Floor 500AU 
The appearance of Armour floor is a fine grain textured surface.  Armour floor was easy 
to apply, however the negative impact of moisture and humidity levels could lead to 
delays and problems in application in high humidity regions.  Also the maximum times 
between recoating, calls for well-planned application to avoid the extra work involved of 
sanding and cleaning with acetone where these are exceeded. 
4.3.1.4. Rhino Guard 2195 (Polyurethane) 
Rhino Guard is a two part by volume system mixed at a proprietary ratio.  For timber 
substrate a two part epoxy primer is rolled on allowed to become touch dry prior to Rhino 
Guard application.  The primer was applied but, potentially due to high humidity, took 
several hours to set which was longer than expected.  At this time the humidity above the 
maximum recommended for application of Rhino Guard and the samples had to be left 
overnight.   
The epoxy primer was sanded and cleaned with acetone and a second layer of epoxy 
primer was added.  This second layer is not usually required if the polyurethane is applied 
within a 6 to 8 hour period, however due to the delay in time it was required to ensure 
good adhesion.  Once touch dry, 3 coats of the polyurethane were sprayed on to build up 
depth (Figure 4.18), within approximately 20 seconds of the 4th coat a hopper gun was 
used to spread alox aggregate over the surface to provide the non-slip finish.  This was 
allowed to sit for approximately 30 seconds before a stipple coat was applied over the top 
as the final layer.  Prior to applying the Rhino Guard a ratio check and cup test were 
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completed.  At the time of application of the Rhino Guard, the temperature was 24.3°C 
with 41% humidity.   
Due to the fast setting times of Rhino Guard 2195, the application window for the alox is 
very small.  It was identified by Robert Idzes, the technical support specialist at Rhino 
Linings that some of the aggregate sank into the binder because it was sprayed slightly 
too early and that a larger quantity of aggregate would be recommended to achieve good 
surface coverage and higher surface texture depth.   
 
Figure 4.18 Application of Rhino Guard 2195 
The appearance of Rhino Guard was a satin finish with fine to medium sized sparsely 
distributed aggregate.  The process appeared easy when done by the trained 
professionals, however it was obvious that some experience was necessary to achieve the 
correct application rate, spray pattern and application times.  The products sensitivity to 
moisture could cause delays in application when applied in humid prone regions.  Also 
logistically, the bridge sections would need to be moved into a spray booth, or a spray 
booth system built over the bridge section for the application process. 
4.3.1.5. C170 Bitumen 
The class 170 bitumen was sprayed directly to the timber samples at a temperature of 
180°C and a rate of 1.4L/m2 by a specialised spray truck owned by Sunstate Road Services 
(Figure 4.19).  Each sample was boxed up to a depth of 1.5mm to prevent the hot bitumen 
from running off the sample before it cooled (Figure 4.20).  As previously mentioned, the 
full system including aggregate will not be tested.  
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Figure 4.19 Application of C170 bitumen 
 
Figure 4.20 C170 bitumen applied to samples 
 Quality Assurance  
There are some unavoidable deviations from the real situation of a bridge in service, 
which is due to the nature of this particular project and resources available.  The main 
reasons for these are both time restrictions and financial cost limitations that restrict field 
testing, as this would require the manufacture and installation of at least 4 bridges that 
could be delegated for testing over several years, and this is not practical at present.  Also 
the laboratory tests chosen only give a comparison of the bond strength for comparative 
purposes and should not be used for design (Langenber et al. 2010).   
However, given the benchmarks available for the shear block and pull off tests for 
concrete substrate, the tests chosen are expected to provide a comparison for the same 
products used for other substrates as well as other products used for the same substrate.  
But their main use for this project will be to provide a ranking system which will be used 
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to help achieve the aims of this project.  A trial run and refinement process was carried 
out for the shear block and pull off tests as discussed previously in this report. 
The pull off tester model chosen was approved for use for ASTM D7234. It was purchased 
new and came with a certificate of calibration and was only used within its load limits of 
0 to 7MPa.  The load cell at Hyne was calibrated by a local company a few months before 
the tests were carried out.  
A mechanically weakened layer on the surface of the timber due to crushed cells during 
deck surface preparation or a chemically weakened layer due to surfactants or oil from 
the wood can cause wetting issues when adhering to timber (Rowell 2005).  Wetting 
involves intermolecular forces between the wood cellulosic molecules and the adhesive 
molecules and is more important than adhesive penetration which occurs when the 
adhesive makes penetrates into the crevices on the surface (Custoldio J, Broughton J & 
Cruz H 2009).  All samples were prepared using the same sanding method and initial 
surface preparation procedures to avoid variations. 
Machining disrupts the chemical structure of the timber surface promoting the 
development of strong adhesive forces, however over time gases and pollutants take the 
bonding sites and the wettability of the timber reduces (Custoldio J, Broughton J & Cruz 
H 2009).  The Rhino Guard 2195 (polyurethane) and Rhino ArmaFloor 500AU 
(polyaspartic) products were both applied several days after sanding, whereas the 
Streetbond 150 (epoxy modified acrylic resin) and OmniGrip HF (epoxy) were applied the 
same day as sanding, any differences this would cause on performance has not been 
measured. 
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Chapter 5. Results and Discussion: 
 Introduction 
The test results from all three tests, being the delamination, shear block and pull off tests 
for all five products are presented and discussed in this section.  Full tests results have 
been included in Appendix E, Appendix F and Appendix G. 
 Test 1.  Delamination Test 
Two samples sizes were used for the delamination test including 12 @ 50 x50 mm and 
2 @ 170 x 170 mm samples of each product.  These samples were put through the 
vacuum/pressure/drying process as set out in section 4.2.  The smaller samples were used 
for measuring delamination, while the larger samples were inspected for signs of 
reflective cracking or other issues.  A photo showing the samples in the drying oven is 
shown in Figure 5.1.   
 
Figure 5.1 Delamination Samples in Drying oven 
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5.2.1. Omnigrip HF (Epoxy) 
Of the 12 shear block samples tested (Figure 5.2), one side of three blocks showed signs 
of delamination (Figure 5.3).  The delamination lengths are approximately 2mm, 3mm and 
6mm giving 1%, 1.5% & 3% delamination for those samples and 0.46% delamination 
across all samples. 
 
Figure 5.2 Omnigrip HF delaminated samples 
  
 
Figure 5.3 Delamination of shear block test samples – OmniGrip HF (Epoxy) 
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The delaminated pull off test samples have several cracks occurring in the surface (Figure 
5.4).  As previously discussed the pull off tests for this product will be done without 
aggregate.  This provided an unobstructed view of what was occurring.  Upon close 
inspection, it was found that these were not only reflective cracking from cracks forming 
in the timber substrate, but also additional longitudinal cracks that align with the interface 
of earlywood/latewood interface in the timber.  The earlywood/latewood interface and 
cracking is discussed in section 5.2.7.  Omnigrip HF does not appear to provide any 
bridging across the cracks.   
 
Figure 5.4 Delamination -Pull of test samples – OmniGrip HF without aggregate 
 
Figure 5.5 End 1 of Delaminated - pull off test sample – OmniGrip HF without aggregate 
 
Figure 5.6 End 2 - Delaminated - Pull off test – Onigrip HF without aggregate 
Reflective 
cracking 
Cracking in line 
with early/late 
wood growth 
lines of timber  
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5.2.2. Street Bond 150 (Epoxy Modified Acrylic Resin) 
Of the 12 shear block samples tested (Figure 5.7), one side of two blocks showed signs of 
delamination (Figure 5.8).  The delamination length is approximately 6mm on one sample 
and 3mm on the other giving 1.5% & 3% delamination for those samples and 0.38% 
delamination across all samples. 
 
Figure 5.7 Street Bond 150 delaminated samples 
  
 
Figure 5.8 Delamination of shear block test samples – StreetBond 150 
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The delaminated pull off test samples are grouped together on two sample pieces 170mm 
square.  It can be seen in Figure 5.9 that there are several cracks occurring in the surfacing.  
Upon further inspection, it was found that these were reflective cracking from cracks 
forming in the timber substrate (Figure 5.10 and Figure 5.11).  No earlywood/latewood 
interface cracking could be seen in the surfacing.  This product does not appear to provide 
any bridging across the cracks.  The dark discolouration are marks from contact with the 
bitumen samples. 
 
Figure 5.9 Delamination - Pull off test samples – StreetBond 150 
 
Figure 5.10 End 1 of Delaminated - pull off test sample – StreetBond 150 
 
Figure 5.11 End 2 of Delaminated - pull off test sample – StreetBond 150 
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5.2.3. Rhino Guard 2195 (Polyurethane) 
Of the 12 shear block samples tested (Figure 5.12) there were no signs of delamination.  
The delaminated pull off test samples have some short cracks occurring in the surface 
along the edges (Figure 5.13).  Upon further inspection, it was found that these were 
reflective cracking from cracks forming in the timber substrate (Figure 5.14 and Figure 
5.15).  This product does appear to provide some support and bridging across cracks.  
Some of the circular core drilling for the pull off test are slightly elongated and still intact 
and therefore it may also be providing reinforcement to the timber and laminate 
structure.   
 
Figure 5.12 Rhino Guard 2195 Delaminated Samples 
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Figure 5.13 Delamination -Pull of test samples – Rhino Guard 2195 
 
Figure 5.14 End 1 of Delaminated - pull off test sample – Rhino Guard 2195 
 
Figure 5.15 End 2 of Delaminated - Pull off test – Rhino Guard 2195 
5.2.4. Rhino ArmaFloor 500 AU (Polyaspartic) 
Of the 12 shear block samples tested (Figure 5.16), one corner of one block showed signs 
of delamination (Figure 5.17).  The delamination length is approximately 3mm on one side 
and 4mm on the other giving a total of 7mm or 3.5% delamination for that sample and 
0.29% across all samples.  
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Figure 5.16 Rhino ArmaFloor 500AU delaminated samples 
  
    
Figure 5.17 Delamination of shear block test samples – Rhino ArmaFloor 500AU 
The delaminated pull off test samples have several cracks occurring in the surface (Figure 
5.18).  Upon further inspection, it was found that these were reflective cracking from 
cracks forming in the timber substrate (Figure 5.19 and Figure 5.20) as well as cracking 
along the earlywood/latewood interface as described in section 5.2.7.  This product does 
not appear to provide any bridging across the cracks.   
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Figure 5.18 Delamination -Pull of test samples - Rhino ArmaFloor 500AU 
 
Figure 5.19 End 1 of Delaminated - pull off test sample – Rhino ArmaFloor 500AU 
 
Figure 5.20 End 2 of Delaminated - Pull off test - Rhino ArmaFloor 500AU 
5.2.5. C170 Bitumen 
Of the 12 shear block samples tested (Figure 5.21), none showed signs of delamination 
however the bitumen has changed in appearance with a blistery surface.  Two samples 
have very thin coverage sections where the bitumen has run off and/or soaked in during 
the heated drying cycle and two show signs of reflective cracking where bitumen has sunk 
into cracks in the timber.    
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Figure 5.21 C170 Bitumen samples –Delaminated samples 
The delaminated pull off test samples show only one crack, although this may be due to 
the extra confinement provided to the GSTBD by the thin timber boxing stapled to the 
side of the samples which were used to minimise run off during the heating phase. As per 
the shear block samples, the surfacing has taken on a blistered appearance (Figure 5.22).  
The core drillings have almost disappeared, however can be located on close inspection 
(Figure 5.18) and required redrilling prior to further testing.  This product does not appear 
to provide any bridging across cracks however shows self-healing properties where the 
bitumen has partially mended the core drillings.   
 
Figure 5.22 Delamination -Pull of test samples - C170 Bitumen 
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5.2.6. Discussion and Overall Product Ranking for Delamination Test 
A comparison summary of the delamination percentages are illustrated in Figure 5.23 
which includes the percentages of delamination for each delaminated sample, as well as 
the percentage of delamination over all 12 samples for each product.  The latter of which 
gives a better indication of overall performance given the small sample size adopted.   
 
Figure 5.23 Delamination Results Summary 
When comparing these results to the requirements of AS4364, which gives a maximum of 
1% delamination allowable for softwood based on 2 sides of 130mm long 5 bond interface 
sample, all three products that experienced delamination fail when based on delaminated 
percentage for each delaminated sample but pass when based on delamination 
percentage across all 12 samples.  As previously discussed in section 4.1.5, this 1% 
maximum rule is compared out of interest only due to the variation in the sample used.  
Rather, the results will be used for ranking purposes. 
The rankings for each product for the delamination test can be seen in Table 5-1.  The 
considerations for ranking were based firstly on the products ability to resist 
delamination, then to resist cracking including reflective and earlywood/latewood 
interface cracking.  Rhino Guard 2195 is ranked 1 as it experienced no visual signs of 
delamination, had the least reflective cracks, no earlywood/latewood cracking and 
appears to provide reinforcement reducing cracking in the GSTBD.  Whereas Omnigrip HF, 
with 21% more delamination across all samples compared to the next lowest ranked, is 
ranked at 5.  StreetBond 150 at 4 and Rhino ArmaFloor 500AU at 3 also had delamination.  
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StreetBond 150 showed no earlywood/latewood interface cracking while OmniGrip HF 
and Rhino ArmaFloor 500AU did.  Class 170 Bitumen showed no signs of delamination and 
only 2 reflective cracks which do not appear to be cracks in the product as such but rather 
the product sinking into a crack in the timber.   
Table 5-1 Delamination Results Summary 
 
A visual comparison between all products can be seen in Figure 5.24 and Figure 5.25.  Two 
of the delaminated bitumen shear block samples were damaged beyond an acceptable 
level for further testing as the bitumen remained only as a very thin coating on the timber.  
In regards to the delaminated pull off samples, two of the C170 bitumen, five of the Rhino 
ArmaFloor 500AU (polyaspartic), four of the OmniGrip HF (epoxy) and seven of the 
StreetBond 150 (epoxy modified acrylic resin) samples were beyond an acceptable level 
for further testing.  All RhinoGuard 2195 (polyurethane) pull off tests samples were 
suitable for testing.   
Moisture readings were taken of all samples on removal from the drying oven.  The 50 x 
50 mm samples were found to have average moisture contents in the range of 6 to 9% 
and the 170 x 170 mm samples were all exceeding 25%.  Once the delamination inspection 
process had been completed, the samples were left under cover at ambient temperature 
to allow the moisture content to approach equilibrium.  These samples were retested 
prior to shear block and pull off testing being completed.  The smaller samples reached 
average moisture contents of 11 to 14% and the larger 16 to 19%. 
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Figure 5.24 Delaminated Shear block samples for all products 
 
Figure 5.25 Delaminated pull off tests for all products 
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5.2.7. Earlywood/Latewood Interface and Cracking  
After the delamination process a number of longitudinal cracks were identified in the 
OmniGrip HF (epoxy) (Figure 5.4) and Rhino ArmaFloor 500AU (polyaspartic) products.  
These cracks formed along the earlywood/latewood interface.  Wood is a non-uniform 
material with different densities and expansive properties throughout.  Earlywood forms 
during height growth periods, is lighter in colour and density and has large thin-walled 
cells.  Latewood forms after cessation of height growth and the formation of a resting 
bud, is darker in colour and has thicker narrower and often flattened cell walls (Zobel & 
Buijtenen 2012).   
Although the exact reason behind it is still being argued, many researchers have found 
that the denser latewood experiences larger volumetric change than the less dense 
earlywood (Schulgasser & Witztum 2015).  These two products have insufficient flexibility 
and tensile strength to facilitate these variations and if water was to penetrate the 
decking and cause volumetric change in the timber, these products would continue to 
crack allowing further water ingress and problems.     
 Test 2.  Shear Block Test 
The shear block tests were carried out in accordance to the process set out previously in 
section 4.2.6.  The steel plates were surface ground to improve adhesion for the glue and 
care had to be taken in assembling the samples to avoid other than pure shear loading as 
much as possible (Figure 5.26).  The complete test rig assembly can be seen in Figure 5.27 
and consists of the Hyne compression rig, load cell, enerpac ram and the custom 
manufactured frame as described in 4.2.6 and Appendix C. 
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Figure 5.26 Batch of 60 assembled shear block test samples 
 
Figure 5.27 Hyne compression rig with custom manufactured test frame assembly 
The failure modes for the shear block test are illustrated in Figure 5.28.  Failure may also 
occur as a combination of two or more of these and in these cases the failure mode that 
occurred over the largest area was considered the failure mode for that test. 
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Figure 5.28 Failure modes for test 2 Shear Block test 
The analysis in this section seeks to identify and compare average bond strengths for each 
product in three different conditions, as well as comparisons between products.  To 
determine the average bond strength, the average of all failure types and the average of 
type B only failures are considered.   
For cases where the average of all failure types are greater than the average for type B 
only failures, the average bond strength is considered greater than the average type B 
only failure.  A more exact value cannot be defined and a direct comparison to other 
average bond strengths cannot be made.  In this process, consideration must also go to 
the quantity and precision of the available type B failures with higher quantity and 
precision giving higher confidence. 
For all other cases, hence where average of all failure types is equal to or less than average 
type B only failures, the average bond strength is equal to the average type B only failures 
and can be compared to other defined average bond strengths.  This process is illustrated 
in Figure 5.29. 
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Figure 5.29 Flow Chart for Determining Average Bond Strength 
Shear block tests were carried out on dry, wet and delaminated samples for all five road 
wearing surface systems with raw data provided in Appendix F.  All dry samples were 
found to have average moisture contents in the range of 13 to 16%, wet samples were 
tested while in a wet saturated condition and the delaminated samples all had average 
moisture contents in the range of 11 to 14%. 
5.3.1. Omnigrip HF (Epoxy) 
All tests failed in either type B or type D failure modes.  Due to the average of all failure 
types being greater than average type B failures, the average bond strength in dry 
condition is considered to be greater than 6.33 MPa, however a more exact value cannot 
be defined.  The average bond strength in wet condition is 3.77 MPa and delaminated is 
8.85 MPa.  This information is illustrated in Figure 5.30.  One dry condition sample failed 
at a low comparative failure stress of 3.1 MPa in type D, or glue failure mode.  There was 
no reason identified for this outlier however since it does not directly impact the average 
bond strength value, it was considered as an outlier and excluded.   
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Figure 5.30 Dry, Wet & Delaminated Shear block test results – OmnigripHF 
Wet samples were the critical condition with significant reductions in average bond 
strength of at least 40% compared to dry condition.  For delaminated samples however, 
the average type B only bond strengths increased by 39.8%.  This increase in bond 
strength was not expected and will be further discussed in section 0.  A tabulated analysis 
has been included in Table 5-2.   
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Table 5-2 Shear Block Test Results – OmniGrip HF (Epoxy) 
 
 
Examples of typical failures for this product can be seen in Figure 5.31 and Figure 5.32.  
Some of the failures occurred as mixed failures such as the example in Figure 5.33, 
however as set out previously, the failure with the highest percent area is the category 
used for the failure mode and therefore this sample is categories as a Type B failure.   
 
Figure 5.31 Omnigrip HF - Typical Type D failure 
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Figure 5.32 Omnigrip HF - Typical Type B failure 
 
Figure 5.33 Omni-grip HF- mixed failure but categories as type B as it was dominant. 
5.3.2. Street Bond 150 (Epoxy Modified Acrylic Resin) 
All tests for dry and wet condition samples failed in type B mode.  The majority of 
delaminated samples were also in type B with one type A and two type D failures.  The 
average bond strength for dry condition is 4.47 MPa, wet condition is 1.01 MPa and 
delaminated condition is 8.8 MPa.  This information is illustrated in Figure 5.34.  One dry 
condition sample had poor plate to sample alignment which would have introduced a 
torque action and therefore has been excluded from the data. 
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Figure 5.34 Dry, Wet & Delaminated Shear block test results – StreetBond 150 
Wet samples were the critical condition with significant reductions in average bond 
strength of 77.4% when compared to dry condition.  For delaminated samples however, 
the average bond strength increased by 96.8%.  This increase in bond strength was not 
expected and will be further discussed in section 5.5.  A tabulated analysis has been 
included in Table 5-2 and an example of typical type B failure for this product can be seen 
in Figure 5.35. 
Table 5-3 Shear Block Test Results – StreetBond 150 (Epoxy modified Acrylic Resin) 
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Figure 5.35 StreetBond 150 - Typical Type B failure 
5.3.3. Rhino Guard 2195 (Polyurethane) 
The majority of failures occurred as type D failures, with 4 wet and 1 delaminated 
condition samples failing as type B.  Due to the complete lack of type B failures in dry 
condition, the average bond strength for dry condition can only be given as being greater 
than 5.2 MPa.  The average bond strength for wet condition is 4.02 MPa, although given 
the limited quantity and precision of these type B failures there is potential for variation 
in this average bond strength.  The delaminated condition only experienced one type B 
failure which is considered insufficient data to base an average bond strength value on 
and therefore it is taken as being greater than 6.32 MPa.  This information is illustrated in 
Figure 5.36.   
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Figure 5.36 Dry, Wet & Delaminated Shear block test results – Rhino Guard 2195 
One dry sample failed at 2.4 MPa and was identified as having poor plate to sample 
alignment which would induce a twisting action and has been excluded from the data.  
Wet samples were the critical condition with a reduction in average bond strength of at 
least 22.7%.  The change in average bond strength of delaminated condition could not be 
determined due to the lack of type B failures.  A tabulated analysis has been included in 
Table 5-4 and an example of type B failure mode for this product can be seen in Figure 
5.37. 
It is interesting to note that type D or glue failure was the dominant failure for the Rhino 
Guard 2195 and that if failed at lower values than were exceeded for other products such 
as the epoxy and the polyaspartic systems.  Potential causes for these results may be due 
to stress redistribution introducing other than shear stress with the greater thickness and 
flexibility of the polyurethane.   
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Table 5-4  Shear Block Test Results – Rhino Guard 2195 (Polyurethane) 
 
 
Figure 5.37 Rhino Guard 2195 - Typical Type B failure 
5.3.4. Rhino ArmaFloor 500 AU (Polyaspartic) 
The failure types varied across all sample conditions with type C, or internal to system 
failure occurring for all dry, type B for all wet and a mix of all failure types for the 
delaminated samples.  Due to the complete lack of type B failures for dry condition, the 
average bond strength for dry condition can only be taken as being greater the 5.97 MPa 
and a more exact value cannot be defined.  The average bond strength for wet condition 
is 4.42 MPa.  The delaminated condition experienced only 2 type B failures, however 
excluding the two low type D glue failures gives an average of all failure types of 10.04 
MPa and therefore the use of 9.63 MPa for the average bond strength has been 
accepted.  This information is illustrated in Figure 5.38.  One sample was identified as 
having poor sample to plate alignment which would create a twisting action when 
tested and was excluded from the data. 
116 
 
 
Figure 5.38 Dry, Wet & Delaminated Shear block test results – Rhino ArmaFloor 500AU 
Wet samples were the critical condition with a reduction in average bond strength 
greater than 25.96%.  Due to the complete lack of type B failures under dry conditions, 
there is insufficient data to determine if there is any change in average bond strength 
from dry to delaminated condition, however it can be seen that the internal strength of 
the system has increased with the average bond strength for type C failures increasing 
by 71.86%.  A tabulated analysis has been included in Table 5-5.  The type C or internal 
to system failures occurred along the quartz sand line which was between the second 
and third layer of polyaspartic.  Examples of typical failures for this product can be seen 
in Figure 5.39 and Figure 5.40. 
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Table 5-5 Shear Block Test Results – Rhino ArmaFloor 500AU (Polyaspartic) 
 
 
Figure 5.39 Rhino ArmaFloor 500AU - Typical Type B failure 
 
Figure 5.40 Rhino ArmaFloor 500AU - Typical Type C failure 
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5.3.5. C170 Bituminous Spray Seal 
All tests failed in type C mode, or internal to the system, therefore the average bond 
strength can only be determined as greater than 0.3 MPa for dry condition, greater than 
0.31 MPa for wet condition and greater than 0.75 MPa for delaminated condition.  This 
information is illustrated in Figure 5.42.  Of the twelve delaminated samples 
manufactured, 2 were not tested as the bitumen had become excessively thin (Figure 
5.41).   
 
Figure 5.41 C170 Samples with insufficient surfacing left to test 
 
Figure 5.42 Dry, Wet & Delaminated Shear block test results – C170 Bitumen 
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Due to a complete lack of type B failures, the bond strength comparison cannot be made, 
however it can be seen that the internal strength in shear remained the same from dry to 
wet condition but increased from dry to delaminated condition by 150%.  A tabulated 
analysis has been included in Table 5-6 and an example of a type C failure for this product 
can be seen in Figure 5.43. 
Table 5-6 Shear Block Test Results - C170 Bitumen 
 
 
Figure 5.43 C170 Bitumen - Typical Type C failure 
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5.3.6. Product Rankings for Dry, Wet and Delaminated Conditions 
The shear block test results for all road wearing surface system are compared and ranked 
in this section and will be set out under dry, wet and delaminated conditions.  The rankings 
will adopt an overall performance approach that considers average bond strength values 
as well as average internal system strength values, whichever is less.  Because minimum 
average bond strength values cannot be compared directly to defined average bond 
strength values, some products will have more than one potential rank.  
5.3.6.a.) Dry Condition 
Table 5-7 contains a summary of average bond strength values and rankings for dry 
condition samples.  C170 bitumen had no defined average bond strength but its low 
internal strength ranks it lowest.  Rhino ArmaFloor 500AU is also restricted by its internal 
strength.  The top 2 ranked positions are either OmniGrip HF (epoxy) or Rhino Guard 2195 
(polyurethane).  Figure 5.46 shows an illustrated comparison of the test results and 
averages.   
Table 5-7 Summary of Shear Block Test Results for Dry Condition with Rankings. 
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Figure 5.44 Comparison of all Products – Shear Block Test – Dry Conditions 
5.3.6.b.) Wet Condition 
Table 5-8 contains a summary of average bond strength values and rankings for wet 
condition samples.  C170 bitumen had no defined average bond strength but its low 
internal strength ranks it lowest.  Given the variation and limited number of type B failures 
for Rhino Guard 2195 (polyurethane) occurring at 2.4, 2.7, 5 and 5.9 MPa, there is fairly 
low confidence in the accuracy of the average bond strength of 4.02 MPa with potential 
for a higher average.  Therefore the top two rankings are either Rhino ArmaFloor 500AU 
(polyaspartic) or Rhino Guard 2195 (polyurethane).  Rhino ArmaFloor 500AU 
(polyaspartic) exceeds OmniGrip HF (epoxy) by 17%.  Figure 5.45 shows an illustrated 
comparison of the test results and averages.   
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Table 5-8 Summary of Shear Block Test Results for Wet Condition with Rankings. 
 
 
Figure 5.45 Comparison of all Products – Shear Block Test – Wet Condition 
5.4.6.c.)  Delaminated Condition 
Table 5-9 contains a summary of average bond strength values and rankings for 
delaminated condition samples.  C170 bitumen had no defined average bond strength but 
its low internal strength again ranks it lowest.  Rhino ArmaFloor 500AU or Rhino Guard 
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2195 achieve the highest ranking but only by around 10%.  Figure 5.46 shows an illustrated 
comparison of the test results and averages.   
Table 5-9 Summary of Shear Block Test Results for Delaminated Condition with Rankings 
 
 
Figure 5.46 Shear Block test - Dry - All products 
5.3.7. Discussion and Overall Product Ranking for Shear Block Test 
The final ranking for all products under the shear block test is based on the wet condition 
as it was found to be the most critical.  Given the large reductions in average bond 
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strength in wet condition, consideration should be given to the importance of the road 
wearing surface systems ability to resist cracking and/or allowing water into the GSTBD 
and also to their ability to perform once this has occurred.  This consideration will be 
discussed further in the Analysis and Discussions section 5.5.   
Rankings are performance based and consider the lowest of both the average bond and 
average internal strengths.  Rhino ArmaFloor 500AU (polyaspartic) or Rhino Guard 2195 
(polyurethane) receive the highest ranking and C170 bitumen is ranked lowest at 5.  The 
difference between the top two defined average bond strengths, being Rhino ArmaFloor 
500AU and OmniGrip HF, for critical condition is 17%.  A summary of the road wearing 
surface systems rankings is included in Table 5-10. 
Table 5-10 Overall Rankings Based on Critical – Wet - Condition 
 
The average bond strength values for all four other products under all conditions were 
found to exceed that of the C170 bitumen and also the specified minimum of 0.2 MPa by 
Department of Main Roads (2013) and The Highways Agency et al. (1999).   
The delaminated condition samples all increased in average bond strength which was not 
expected as it was designed to replicate deterioration due to aging.  This will be discussed 
further in section5.5.3.   
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 Test 3:  Pull Off Test 
The pull off tests were carried out in accordance to the process set out section 4.2 using 
an Elcometer 106 (Figure 5.47).  A hole saw was used in a drill press to cut a circular tube 
through the surfacing only slightly penetrating the timber substrate (Figure 5.48).  Test 
dollies are adhered to the circular tube of surfacing and then pulled off perpendicular to 
the substrate with the maximum stress achieved and failure mode being recorded.  A well 
bonded product will not fail in the interface, but instead in the glue line attaching the test 
dolly or in the substrate (Alger, Gruenberg & Wegleitner 2003) although where this type 
of failure occurs only a minimum average bond strength can be determined. 
 
Figure 5.47 Elcometer 106 Pull Off tester 
 
Figure 5.48 Drill press with hole saw was used to cut the circular area to be pulled off in testing.   
Maximum Pressure 
recorded on gauge 
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The failure modes for the pull off test are illustrated in Figure 5.49.  Failure may also occur 
as a combination of two or more of these and in these cases the failure mode that 
occurred over the largest area was considered the failure mode for that test. 
 
Figure 5.49 Failure Modes for Pull off Test 
The analysis in this section seeks to identify and compare average bond strength for each 
product in three different conditions, as well as comparisons between products and is 
approached with the same considerations as set out in 5.3 and will not be repeated here. 
Pull off tests were carried out on dry, wet and delaminated samples for all five road 
wearing surface systems with raw data provided in  Appendix G.  A Delmhorst moisture 
meter as seen in Figure 5.50 was used to measure the moisture content of each sample.  
All dry samples were found to have an average moisture content in the range of 13% to 
16%, wet sample blocks were tested while in a wet saturated condition and delaminated 
sample blocks had average moisture content in the range of 16% to 19%. 
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Figure 5.50 Testing the moisture content of the timber 
5.4.1. Omnigrip HF (epoxy) 
During the trial testing phase for this particular product, a good bond could not be 
achieved with the test dolly due to the glue running away through the uneven aggregate 
surfacing.  Therefore the epoxy binder was applied without the aggregate for the pull off 
test only.  If failure associated with the aggregate would normally have occurred during 
testing this cannot be recognised and should be kept in mind when comparing to other 
products.   
The majority of tests failed in either type B or type D failure modes.  The average bond 
strength in dry condition is 5.57 MPa, wet condition is 1.36 MPa and delaminated 
condition is 4.02 MPa.  This information is illustrated in Figure 5.51.  Of the 18 delaminated 
test samples made, six were damaged during the delamination process due to reflective 
cracking to a point that they were not suitable for testing.  Therefore the delamination 
sample number was reduced to 12.   
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Figure 5.51 Omnigrip HF - Pull of test 
Wet samples were the critical condition with significant reductions in average bond 
strength of 75.58% compared to dry condition.  Delaminated samples also had a reduction 
in average bond strength of 27.83%.  A tabulated analysis has been included in Table 5-11 
and examples of typical failures for this product can be seen in Figure 5.52 and Figure 
5.53. 
 
Table 5-11 Pull Off Test Results – OmniGrip HF (epoxy) 
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Figure 5.52 OmniGrip HF - Typical Type B failure 
 
 
Figure 5.53 OmniGrip HF - Typical Type A failure 
5.4.2. Street Bond 150 (Epoxy Modified Acrylic Resin) 
All tests failed in type B mode for all sample conditions.  The average bond strength for 
dry condition is 2.88 MPa and for delaminated condition is 2.25 MPa.  Only two of the wet 
condition tests failed at a pressure high enough to register on the Elcometer and therefore 
an average bond strength for wet condition could not be defined.  This information is 
illustrated in Figure 5.54.  Of the 18 delaminated samples made, seven were damaged 
during the delamination process due to reflective cracking and were beyond an 
acceptable standard for the pull off test.  Therefore the sample size was reduced to 11 for 
delaminated condition. 
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Figure 5.54 Dry, Wet & Delaminated Pull off test results - StreetBond 
Wet samples were the critical condition with significant reductions in average bond 
strength of at least 93%.  Delaminated samples had a reduction in average bond strength 
of 21.88%.  A tabulated analysis has been included in Table 5-12 and an example of type 
B failure for this product can be seen in Figure 5.55. 
Table 5-12 Pull Off Test Results – StreetBond 150 (Epoxy modified Acrylic Resin) 
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Figure 5.55 StreetBond 150 - Typical Type B Failure 
5.4.3. Rhino Guard 2195 (Polyurethane) 
The majority of the tests failed in either type A or type B failure modes.  Given that the 
average bond strength for all failure types is greater than that of type B only failure mode 
for both dry and delaminated condition, the average bond strengths are considered to be 
greater than 2.2 MPa and greater than 2.36 MPa respectively.  The average bond strength 
for wet condition is 1.51 MPa.  This information is illustrated in Figure 5.56.   
 
Figure 5.56 Rhino Guard 2195 (Polyurethane)  Pull Off test results 
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Wet samples were the critical condition with a reduction in average bond strength of at 
least 31.36% compared to dry condition.  Any reduction or increase in average bond 
strength from dry to delaminated condition could not be determined due to lack of 
defined averages.  However, considering only type B failures, the average bond strength 
increased by 7.27% from dry to delaminated condition.  A tabulated analysis has been 
included in Table 5-13 and an example of a type B failure for this product can be seen in 
Figure 5.57. 
Table 5-13 Pull Off Test Results – Rhino Guard 2195 (Polyurethane) 
 
 
Figure 5.57 Rhino Guard 2195 (Polyurethane) Typical Failure Type B 
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5.4.4. Rhino ArmaFloor 500 AU (Polyaspartic) 
Failures occurred across all failure modes for dry and delaminated conditions but were 
purely type B failures for wet condition.  Given that the average bond strength for all 
failure types for both dry and delaminated conditions are greater than that of type B only 
failures, the average bond strengths are considered to be greater than 3.18 MPa and 2.98 
MPa respectively.  However there were 5 type C failure modes with an average of 2.92 
Mpa and therefore would present a weak link in the system.  The average bond strength 
for wet condition is 1.22 MPa.  This information is illustrated in Figure 5.58.  Of the 18 
delaminated samples made, 5 were damaged beyond an acceptable standard for testing 
during the delamination process, leaving 13 samples. 
 
Figure 5.58 Rhino ArmaFloor 500 AU (polyaspartic) Pull off Test Results 
Wet samples were the critical condition with a reduction in average bond strength of at 
least 61.64% compared to dry condition.  Any reduction or increase in average bond 
strength from dry to delaminated condition could not be determined due to lack of 
defined averages.  However considering only type B failures, the average bond strength 
decreased by 6.29%.  A tabulated analysis has been included in Table 5-14 and examples 
of failures modes can be seen in Figure 5.59 and Figure 5.60. 
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Table 5-14 Pull Off Test Results – Rhino ArmaFloor 500AU (Polyaspartic) 
 
 
 
 
Figure 5.59 Rhino ArmaFloor 500AU - Typical Type B failure 
 
Figure 5.60 Rhino ArmaFloor 500AU - Typical Type C failure 
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5.4.5. C170 Bitumen 
As mentioned in section 4.2.1, the low bond strength values found for the bitumen 
samples required use of the larger 40mm test dolly as it magnified the pressure recorded 
by the Elcometer 106 by four.  This achieved pull off values within the measurement scale 
of the equipment.  Because of this magnification, the pressure recorded then had to be 
divided by four to show true representation of the failure strength.  It is also noted that 
the C170 Bituminous was applied only as a binder and not as a full system including 
aggregate for reasons as set out in section 3.3.5.   
All dry and wet condition samples failed in type C mode representing the internal strength 
of the binder.  Delaminated condition also experienced 4 type B failures.  Due to the 
complete lack of type B failures for dry and wet, as well as larger average bond strength 
for all failure modes for delaminated condition, the average bond strengths can only be 
determined as being greater than 0.28, 0.21 and 0.43 MPa respectively.  This information 
is illustrated in Figure 5.61.  Of the 18 delaminated samples made, 2 were damaged 
beyond an acceptable standard for testing during the delamination process, leaving 16 
samples for testing. 
 
Figure 5.61 Dry, Wet & Delaminated Pull Off Test Results – C170 Bitumen 
136 
 
Due to the lack of type B failures in wet and dry condition, the critical condition cannot be 
determined based purely on bond strength alone.  However critical condition based on 
the average strength of the binder is wet condition.  The average bond strengths for dry, 
wet and delaminated conditions are greater than 0.28, 0.21 and 0.43 MPa respectively.  
Changes in average bond strength cannot be determined due to lack of defined average 
bond strength values, however it can be said that the average internal strength of the 
binder reduced by 25% from dry to wet and increased by 71% from dry to delaminated 
conditions.  A tabulated analysis has been included in Table 5-15. 
Table 5-15 Pull Off Test Results – C170 Bitumen 
  
There was some difficulty in determining a Type B failure due to the colour and the way 
the bitumen bonded with the timber.  However where clear timber grain pattern could 
be seen on the surface of the pulled sample as can be seen for the majority of the area in 
Figure 5.62, that area was regarded as Type B failure.  Typical examples of the type c 
failure for this product can be seen in Figure 5.63. 
 
Figure 5.62 C170 Bitumen - Typical Type B failure 
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Figure 5.63 C170 Bitumen - Typical Type C failure 
5.4.6. Product Ranking for Dry, Wet and Delaminated Conditions 
The pull off test results for all road wearing surface systems are compared and ranked in 
this section and will be set out under dry, wet and delaminated conditions.  The rankings 
will adopt an overall performance approach that considers average bond strength values 
as well as average internal system strength values, whichever is less.  Because minimum 
average bond strength values cannot be compared directly to defined average bond 
strength values, some products will have more than one potential rank.  
5.4.6.a.) Dry Condition 
Table 5-16 contains a summary of average bond strength values and rankings for dry 
condition samples.  C170 Bitumen was restricted due to internal strength failures and 
ranked 5.  OmniGrip HF (epoxy) is ranked 1 at approximately 70% higher than 2 place,  but 
the internal system strength could not be fully tested due to the omitted aggregate.  And 
although only a minimum average bond strength was recognised for Rhino Guard 2195 
(polyurethane) this 2.2 MPa minimum was based on 10 type B failures and therefore it is 
not expected to reach that of the Omnigrip HF (epoxy).  Figure 5.64 shows an illustrated 
comparison of the test results and averages. 
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Table 5-16 Summary of Pull Off Test Results for Dry Condition with Rankings 
 
 
Figure 5.64 Comparison of all Products – Pull Off Test – Dry Conditions 
5.4.6.b.) Wet Condition 
Table 5-17 contains a summary of average bond strength values and rankings for wet 
condition samples.  StreetBond 150 (epoxy modified acrylic resin) with the lowest average 
bond strength ranked the lowest at 5.  Rhino Guard 2195 achieved the highest average 
bond strength and is ranked 1, however is only 11% higher than 2nd place.  Figure 5.65 
shows an illustrated comparison of the test results and averages for wet condition. 
Due to the high surface energy of water, water-borne adhesives are prone to poor wetting 
which is an important attribute of good bonding, whereas adhesives with organic solvents 
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or 100% solids are less likely to have wetting issues (Rowell 2005).  This could at least 
partially explain the lower bond strengths of StreetBond 150 (epoxy modified acrylic resin) 
and the higher bond strengths in the other products. 
Table 5-17 Summary of Pull Off Test Results for Wet Conditions with Rankings 
 
 
Figure 5.65 Comparison of all Products – Pull Off Test – Wet Condition 
5.4.6.c.)  Delaminated Condition 
Table 5-18 contains a summary of average bond strength values and rankings for 
delaminated condition samples.  C170 bitumen had no defined average bond strength but 
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its low internal strength ranks it lowest at 5.  OmniGrip HF (epoxy) achieved the highest 
average bond strength and is ranked 1.  For Rhino Guard 2195 (polyurethane) and Rhino 
ArmaFloor 500AU (polyaspartic) only a minimum average bond strength was found, 
however there were a sufficient number of type B failures to determine that the average 
bond strength would not be significantly higher and are not expected to reach that of the 
Omnigrip HF.  Figure 5.66 shows an illustrated comparison of the results and averages. 
Table 5-18 Summary of Pull Off Test for Delaminated Condition with Rankings 
 
 
Figure 5.66 Pull Off Test – Delaminated – All Products 
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5.4.7. Discussion and Overall Product Ranking for Pull Off Test 
The final ranking for all products under the pull off test is based on the wet condition as 
it was found to be the most critical.  The rankings are performance based and consider 
the lowest of both the average bond and average internal strengths.  A summary of the 
road wearing surface systems rankings is included in Table 5-19. 
Table 5-19 Overall Rankings Based on Critical – Wet - Condition 
 
All products tested apart from the C170 bitumen and the StreetBond 150 in wet condition, 
significantly exceeded the minimum pull off strength of 0.5 MPa specified by Brisbane City 
Council (2008).  The Omnigrip HF (epoxy) product is specifically designed as high friction 
surfacing and to get a better indications the performance of these products a comparison 
will be done to the expectations of a high friction surfacing on a bridge deck.  The 
benchmarks and expectations for high friction surfacing is expected to be relatively high 
given the demanding and high stress situations they are required for in comparison to low 
volume traffic bridge this project is focused on.   
Alger, Gruenberg and Wegleitner (2003) argue that a pull off strength of 2.5 MPa or less 
represents a poor bond for high frictions surfacing and is expected to delaminate from a 
concrete deck substrate.  Tests for polymer concrete, methyl methacrylate and polyester 
polymer concrete carried out by Weber and Pantelides (2015) gave pull off strength tests 
averaging from 2.3 MPa to 3.9 MPa when adhered to concrete substrate, which were 
higher than the 1.4 MPa minimum specified by Utah Department of Transport.  They also 
noted that there was a slight decrease in pull off strengths where the overlay had been 
laid before bridge placement compared to being laid after.  These differences ranged 
between 9% and 30%, however all average pull off test values still exceeded 
requirements.  Also relevant to concrete substrate, Washington and Virginia Department 
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of Transport requires a minimum of 1.7 MPa arguing that 1.52 MPa providing only 
satisfactory performance and bond strength was found to reduce with time with 
delamination occurring in some instances after 10 years, while the LaGuardia Airport 
runway designs specified 1.4MPa pull of bond strength.(Fowler & Whitney 2011). 
However, in the case of timber bridge substrate, Michelson (2010) found polyurea bonded 
to a piece of wood impregnated with creosote had a pull of strength of 1.5 to 4 MPa.  The 
bridges substrate included in the testing for this project was treated with a water based 
copper azole and not the oil based creosote, however as with the previous concrete 
examples, it does provide some good information for comparison.   
These benchmarks have been compared to dry and wet condition results in Figure 5.67 
and Figure 5.68 and are tubulised in Table 5-20.  Although not clearly specified in some of 
these references, it is believed that the condition of testing is dry.  Wet condition has also 
been included here as it was found to be the critical condition for GSTBD.  Dry conditions 
were found to perform well in comparison to these benchmarks, however wet condition 
performance are relatively poor. 
 
Figure 5.67 Pull Off Test – Average Bond Strength Comparison – Dry Condition 
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Figure 5.68 Pull Off Test – Average Bond Strength Comparison – Wet Condition 
 
Table 5-20 Comparison of Benchmarks to Test Results 
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 Analysis and Discussion 
This section will rank the systems based on those rankings determined previously for each 
of three tests completed, including delamination, shear block and pull off tests.  Some 
observations made throughout the testing process will be discussed and a brief outline 
has also been included on skid resistance with recommendations on further 
improvements.  Finally the testing methodology will be discussed based on its level of 
success to meet the aims of the project and recommendations for any improvements to 
testing will be made.  
5.5.1. Final Product Rankings and Discussion 
The final product rankings are based purely on the rankings of each of the three tests 
completed in this dissertation, a summary of which can be seen in Table 5-21.  These 
rankings do not provide a complete representation, with many qualities not tested and 
compared as they are outside the scope of this project.  A number of further research 
areas that would complement and enhance this dissertation to achieve a more complete 
representation and ranked assessment are included in Chapter 6.  Rhino Guard 2195 
(polyurethane) ranked highest and StreetBond 150 (epoxy modified acrylic resin) ranked 
lowest overall.   
Table 5-21 Final Product Ranking Over All Three Tests 
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The delamination ranking was based on the products ability to resist delamination 
through a wet/dry cyclic conditioning process.  To further separate the rankings their 
ability to resist cracking after this conditioning was also considered.  OmniGrip HF was the 
lowest ranked with 3 of the 12 samples experiencing delamination.  It had 21% more 
delamination across all samples compared to StreetBond 150 (epoxy modified acrylic 
resin) ranked 4th.  Rhino Guard 2195 (polyurethane) ranked highest with no signs of 
delamination matching that of the C170 bitumen ranked 2nd.  However Rhino Guard 2195 
showed superior resistance to cracking and appeared to provide reinforcement reducing 
the cracking in the GSTBD. 
The shear block test rankings were based on the critical (wet) condition and considered 
both average bond strengths and internal strength of the road wearing surface system.  
Rhino Guard 2195 (polyurethane) or Rhino ArmaFloor 500AU (polyaspartic) received the 
highest ranking and C170 bitumen being the lowest due to low internal binder strength.   
The pull off test rankings were also based on the critical (wet) conditions and considered 
average bond strength and internal system strengths.  Rhino Guard 2195 (polyurethane) 
ranked highest with an average bond strength 11% higher than OmniGrip HF(epoxy) 
ranked 2nd.  StreetBond 150 (epoxy modified acrylic resin) ranked lowest with failures 
occurring below recordable level using the Elcometer 106 with 20 mm test dollys. 
In analysing the samples that experienced type B failures, light coloured earlywood 
remained on the road wearing surface system whereas the darker latewood remained 
intact (Figure 5.69).  This occurs because earlywood has larger cells with thinner cell walls 
allowing easier bonding due to more accessible lumen (Rowell 2005), which is the void 
space in the interior of the cell (Figure 5.70).  Also transwall fractures in softwood are 
common in earlywood but unusual in latewood (Silva L, Ochsner A & Adams R 2011). 
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Figure 5.69 Earlywood coming off with the road wearing surface system 
  
Figure 5.70 a) Transverse cross section of four wood cells showing lumen, b) transwall fracture in 
timber cell (Source:  Silva L, Ochsner A & Adams R 2011) 
Wet condition was found to be the critical condition for both shear block and pull off bond 
strength tests.  Water is often considered one of the most damaging concerns when 
adhering to timber and is almost impossible to keep out (Custoldio J, Broughton J & Cruz 
H 2009).  Moisture is responsible for most bond failures and can attack a bond through 
reversible and irreversible means (Silva L, Ochsner A & Adams R 2011).   
Examples of moisture attack for reversible means include plasticization, swelling of 
adhesive and/or substrate causing additional stresses and also disrupting secondary 
bonds, while irreversible means include altering the adhesive or decomposing the 
adhered surface (Langenber et al. 2010; Silva L, Ochsner A & Adams R 2011).  This would 
contribute to the significant reduction seen in average bond strengths for wet condition.  
An example of reversible damage occurred during the delamination process where 
samples were submerged and dried for 3 cycles.  These recovered with increases in 
average bond strength in some instances, although the temperature in the drying process 
is expected to have caused the increases over and above the recovery point. 
Earlywood 
Latewood 
(a) (b) 
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The use of primers and coupling agents can be used to increase long-term durability 
where repeated wetting and drying occurs (Custoldio J, Broughton J & Cruz H 2009), such 
as hydroxymethylated resorcinol which physio-chemically couples thermosetting wood 
adhesives to wood showing significant improvement in resistance to wet failure and 
reduced delamination (Christiansen A, Vick S & Okkonen A 2000). 
The main lessons taken from this project relating specifically to the GSTBD is that water 
ingress should be avoided as much as possible due to the reduction in bond strength it 
causes.  Where moisture penetrates the GSTBD, this leads to volumetric changes and 
cracking in some products.  A product should provide waterproofing and resist cracking 
with the aim to keep water out avoiding further exacerbation of these problems.  Given 
that water ingress is arguably impossible to keep out, all products should perform well 
under wet conditions, but especially so in the cases where products crack.  These lessons 
were reflected throughout the ranking process and in the overall highest ranked product 
Rhino Guard 2195 (polyurethane).  It showed reinforcing properties that reduced cracking 
in the GSTBD, very little sign of cracking after the delamination process and was the best 
performer in wet condition. 
A summary of key attributes and performance notes for all the road wearing surface 
system tested can be seen in Table 5-22. 
Table 5-22  Summary of Road Wearing Surface Systems  
Product Comments 
Omnigrip HF 
(epoxy) 
Rank:  3 
 Ranked lowest for delamination with 21% more delamination 
than the next lowest ranked 
 Performed 3rd best under critical (wet) conditions with an 
average bond strength of 3.77 MPa in shear block test 
 Performed 2nd best under critical (wet) conditions with an 
average bond strength of 1.36 MPa in pull off test 
 Multiple cracking occurred both reflective and 
earlywood/latewood interface in delaminated samples 
 Would allow water ingress due to cracking therefore needs to 
perform under wet conditions 
 Single coat 2 part system 
 4.7 mm mean thickness of applied product 
 Easy trowel on application 
 Calcined Bauxite – PSV>70 
 7.35 to 8.7 kg/m2 
 Surface moisture must be below 5% 
 Surface temperature: min 10°C, max: 60°C 
 Highly textured surface with good surface texture depth 
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StreetBond 150 
(epoxy mod 
acrylic resin) 
Rank:  5 
 Ranked 4th for delamination with 2 samples experiencing 
delamination 
 Performed 4th best under critical (wet) conditions with an 
average bond strength of 1.01 MPa in shear block test 
 Performed worst under critical (wet) conditions in pull off test 
with majority of strengths too low to record 
 Experienced reflective cracking in delamination process 
 Water resistant not water proof and would allow water ingress 
so would need to perform under wet conditions 
 3 coat system easy to apply but waiting periods between coats 
 0.9mm mean thickness of applied product  
 Minimum air temperature 10°C 
 Surface temperature: min 10°C, max: 49°C  
 Limited texture depth, potential for some increase through 
application process but not significant compared to OmniGrip 
HF and C170 Bitumen spray seal systems 
Rhino Guard 
2195 
(polyurethane) 
Rank:  1 
 Ranked 1st for delamination with no delamination occurring 
 Ranked 1st or 2nd for critical (wet) conditions in shear block 
tests 
 Performed best under critical (wet) conditions in pull off test 
with average bond strength of 1.51 MPa, exceeding 2nd ranking 
by 10% 
 Very little reflective cracking occurring and only at edge of 
delaminated sample with no earlywood/latewood interface 
cracking 
 Appeared to provide reinforcement to GSTBD holding 
laminates together 
 Provides some bridging to cracks 
 Spray on system requiring specialised equipment and training 
(available from supplier) 
 Room for error in application due to fast setting times and 
application techniques 
 Training available through supplier 
 3.7 mm mean thickness of applied product 
 Most expensive 
 Susceptible to moisture and humidity during application 
Rhino 
ArmaFloor 
500AU 
(polyaspartic) 
Rank:  2 
 Ranked 3rd, experienced delamination on one sample 
 Ranked 1st or 2nd under critical (wet) conditions for the shear 
block test with an average bond strength of 4.42 MPa 
 Ranked 3rd under critical (wet) condition for the pull off test 
with an average bond strength of 1.22 MPa, with the highest 
ranked being 24% higher 
 Experienced cracking both reflective and earlywood/latewood 
interface in delamination process 
 3 coat system easy to apply but minimum and maximum 
periods between coats 
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 Requires sanding and cleaning with acetone if left too long 
between coats 
 1.3 mm mean thickness of applied product 
 Quartz sand layer created a weak plane with repeated type C 
failures for both shear block and pull off tests 
 Limited texture depth with potential skid resistance issues in 
wet weather 
C170 Bitumen 
Rank:  4 
 Ranked 2nd for delamination test with no signs of delamination 
 Lowest ranked for critical (wet) condition for shear block test 
due to low internal system strength  
 Ranked 4th for critical (wet) condition for pull off test with 
internal binder strength of 0.28 MPa 
 Experienced reflective cracking in the delamination process 
where the bitumen sank into the cracks in the timber 
 Provided a base comparison 
 Binder only used – without aggregate 
 Self-healing properties through the delamination cycle 
 Readily available 
 Not suitable for factory fitment 
 Compaction equipment required is not recommended for use 
on bridge decks 
 Used in the field on other bridge types – although limited 
understanding and experience for GSTBD 
 Good skid resistance expected with use of aggregate to meet 
the specifications of MRTS84 
5.5.2. Skid Resistance 
As discussed in section 2.2.7, failure to provide skid resistance is a safety concern.  A large 
component of skid resistance is due to surface texture comprising of macro and micro 
texture.  Macro texture will be the main focus of this section, it is required to provide 
friction resistance for braking vehicles and to drain water from the surface of the road 
(Department of Planning Transport and Infrastructure nd.).  Skid resistance has been 
considered in the product selection process in this dissertation and some further 
comments and comparisons of the products selected for testing will be made here, 
however a full investigation and testing is outside the scope of this dissertation.   
All products tested use a type of aggregate for skid resistance that is added during or after 
binder application, or is premixed into the binder.  Nicholls (1998) found that systems 
where the aggregate was scattered after the binder was applied achieved higher texture 
depth to those that encased the aggregate.  Some of the systems tested have potential to 
achieve a higher level of macro texture than what was achieved in sample preparation for 
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this project, either through modifications to the application process or changes in the 
aggregate application and/or product.  This will be discussed along with some key points 
regarding skid resistance and macro texture below:   
 OmniGrip HF (epoxy) is specifically designed and used as a high friction surfacing.  
It uses a bauxite aggregate, with polished stone value (PSV) greater than 70, 
sprinkled onto the surface of the binder.  Jacobs Babtie Laboratories has tested 
this product and determined it to have a 1.9 mm texture depth and 1.4 mm 
texture depth after scuffing exceeding their specified requirements of 1.4 mm and 
1.2 mm respectively (Jacobs UK Ltd 2005).     
 StreetBond 150 (epoxy modified acrylic resin) has a fine grain aggregate premixed 
into the binder.  The sample prepared was done using a medium nap roller and 
achieved a rough rendered-looking finish (Figure 5.71).  To achieve higher texture 
depth, this product can be applied with a thicker nap roller or by brooming after 
application (MPS Paving Systems Australia 2014).  However achieving a texture 
depth comparable to that of some of the other systems tested is not expected 
due to the much finer premixed aggregate.   
 Rhino Guard 2195 (polyurethane) uses an alox aggregate that is applied using a 
hopper gun after the final building coat has been sprayed and before a stipple 
coat is applied.  The finished samples have a significant area of the smooth 
polyurethane binder exposed to traffic (Figure 5.71) which may not provide 
sufficient skid resistance due to very low texture depth.  The application of the 
system to the GSTBD samples was done to the trial design selected by Rhino 
Linings technical support team in their factory.  Shortly after application, it was 
recognised that an insufficient quantity of aggregate had been applied and to 
improve texture depth it was recommended that this be increased to near full 
cover for future applications.  Therefore there is potential to improve texture 
depth for this system by increasing the quantity and size of the aggregate. 
 Rhino ArmaFloor (polyaspartic) uses a fine quartz sand aggregate sprinkled 
between the second and third application of the binder.  The finish is quite 
smooth in appearance with the binder encapsulating the quartz sand and filling 
in some of the texture depth (Figure 5.71).  Further investigation would need to 
be done to determine if alternative aggregate systems could be used to provide 
increased surface texture depth.  
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  The skid resistance of bitumen spray seal is highly dependent on the quantity of 
binder and aggregate used.  A design for this application was determined in 2.7.2 
and is expected to provide sufficient skid resistance based on the requirements 
of Transport and Main Roads Specifications MRTS84 Deck Wearing Surface 
(2013). 
  
Figure 5.71 Comparison of Texture for Products Tested 
Although the testing of skid resistance is outside the scope of this dissertation, it is an 
important consideration in selecting a road wearing surface system.  In their current form 
and based on visual inspection only, the OmniGrip HF (epoxy) far exceeds the texture 
depth of the other products.  There exists an opportunity for further research to design 
and test improvements in texture depth of these products to provide skid resistance at a 
macro level and water drainage from the surface. 
5.5.3. Testing Methodology Analysis 
As part of the aims of this dissertation, suitable testing methods had to be identified.  No 
standard testing methods were found for road wearing surface systems to GSTBD.  
Therefore a literature review was conducted to identify and compare a range of potential 
testing methods to adapt to suit this application.  The tests chosen include a delamination 
test, shear block test and a pull off test.  A range of different sample conditions were also 
incorporated including dry, wet and delaminated.  The process and modification details 
are set out in detail in Chapter 4.  This section will discuss any issues identified with the 
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tests, sample conditions and/or modifications and specify whether these were considered 
successful.   
5.5.2.a.)  Delamination Test:  AS/NZS 4364:2010, 7.6 Delamination resistance test. 
The substitution of the drying process with that of BS EN302-2 reduced drying time and 
introduced a heat element, which was intended to replicate that of an exposed hot 
environment applicable for a bridge deck.  It is unclear if there was any negative or 
positive impact, however the test is thought to be harsher than the AS/NZS4364 and BS 
EN302-2 given that AS/ZS4364 has no heat element and BS EN302-2 has less vacuum 
pressure cycles.  The delamination process caused delamination of 3 of the road wearing 
surface systems and delamination of the GSTBD providing measureable and comparable 
information on the performance of these products. 
Modifications to the measurement process to accommodate the single interface on each 
sample meant the benchmark provided in the standard was not directly comparable.  
However given that this dissertation sought to rank the systems against each other and 
no other benchmarks for road wearing surface systems were found, the test gave 
comparable results and a means of ranking the systems.   
The sample size was changed to that of AS/NZS  4364.  AS/NZS aims to identify 
interlaminar delamination throughout a beam section, whereas this project aims to 
identify delamination of a road wearing surface from GSTBD.  The decision was made to 
use sample sizes that could be reused for the shear block and pull off tests and has been 
discussed in section 4.1.5.  The 50 x 50 mm samples were used for measuring the 
delamination while the 170 x 170 mm samples were used for visual inspection.  Given the 
lack of benchmarks, the restrictions on sample size were considered minimal and by 
having the two different sizes gave further insight into the behaviour between the GSTBD 
and road wearing surface systems.   
The size difference would have changed the speed of and level to which the samples dried 
during the 22 hour drying period.  Based on moisture content testing completed at the 
end of the delamination process, the large samples had average moisture readings 
exceeding 25% and the smaller samples were in the range of 6 to 9% when initially 
removed from the drying oven.  As the small samples were used for measurements and 
the large used for visual inspection, this was not seen as an issue.   
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With consideration to the above points the modified testing is considered successful for 
the delamination visual inspection test, however there were issues identified when these 
samples were further tested which will be discussed in the delaminated sample condition 
section below.   
5.5.2.b.)  Shear Block Test: BD47/99 Design Manual for Roads and Bridges:  Volume 2, 
Section 3, Part 4:  Waterproofing Surfacing of Concrete Bridge Decks, Appendix B:  
Surfacing to Waterproofing System interface shear adhesion test (The Highways 
Agency et al. 1999). 
The modification of using a steel plate to apply shearing load to the surfacings was 
regarded as successful as it provided a means to apply a shear loading to and test the thin 
surfacings, allowing failures to occur within the system or at the road wearing surface 
system to GSTBD interface as desired.   
The modification of using a smaller sample size meant that the benchmarks for asphalt on 
concrete decks provided by the Brisbane City Council were not directly comparable, as 
other researchers had found sample size affects the results, as discussed in Chapter 4.  
However the smaller sample size allowed higher pressures under smaller loads which 
ensured failures were achieved without overloading the testing equipment.   
To avoid alignment issues the smaller sample size had to be supported in the frame that 
had already been manufactured for the larger sample size.  To overcome this, a block of 
timber was cut and placed under the sample as set out in section 4.2.1 to clamp the GSTBD 
sample into place.  To minimise any issues, care was taken to measure and align all 
samples in the frame and all tests were closely observed.  No problems were identified 
during testing associated with alignment in the frame.  The test results provided a reliable 
method to measure and rank the road wearing surface systems against each other and 
could be compared to existing benchmarks with considerations given to the different 
sample size and was therefore considered successful. 
5.5.2.c.)  Pull Off Test:  TRL Report 176 Laboratory tests on high-friction surfaces for 
Highways, Appendix J. 
The benefits of using the Elcometer 106 for the pull off test instead of the custom made 
frame are considered to have outweighed the costs.  The main cost to this modification is 
that the results cannot be directly compared to the specification set by Brisbane City 
Council due to the variations associated with a different sample size.  However other 
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benchmarks were found relating to high friction road wearing surfaces using similar 
portable pulloff testers and have been used for comparisons.  The Elcometer 106 gave the 
benefit of allowing higher stresses to be safely achieved with better sample alignment, 
which was seen as a major issue by other researchers as discussed in section 4.1.4.  The 
pull off test using the Elcometer 106 provided reliable and repeatable data for analysis 
and to rank the road wearing surface systems and therefore is seen as successful. 
5.5.2.d.)  Dry Sample Conditioning 
The dry sample condition required no special procedure other than to store the samples 
under cover at ambient conditions for sufficient time to allow the road wearing surface 
systems to cure, as per manufacturers specifications and to record average moisture 
content.  This procedure was successful as it provides the procedure for repeatability and 
gives a base comparison for the other sample conditions. 
5.5.2.e.)  Wet Sample Condition:  AS/NZS 4364 Bond performance of Structural 
Adhesives – 7.5.1.4 Vacuum pressure test 
There were no modifications necessary to this Australian standard.  The procedure is 
considered successful as it provides the procedure for repeatability and provides a 
standard for wet condition sample. 
5.5.2.f.)  Delaminated Sample Condition 
The samples used in the delamination test were reused for the shear block and pull off 
test delaminated condition samples.  The aim of the delaminated process for the 
delamination test previously discussed was to provide visual signs of delamination, 
however for the delaminated sample condition it is focused on replicating deterioration 
in bond strength over time.  The same process was used as it was anticipated it would 
perform for both cases.  
The results obtained from the delaminated shear block tests showed significant increases 
in average bond strength for all products with StreetBond 150 increasing by 96.8%.  The 
results for the pull off test varied with average bond strengths reducing by up to 28% 
while others increased up to 7%.  These increases were not expected but may be partially 
attributed to the increased temperature in the drying stage causing the products to 
further cure.   
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In analysing the data a potential issue was identified.  The delaminated samples were 
compared with the dry samples, however the moisture content of these varied with all 
dry samples having 13 to 16%, delaminated shear block having 11 to 14% and delaminated 
pull off having 16 to 19%.  It was found the wet condition significantly reduced bond 
strength and therefore the comparisons between samples with different moisture 
contents may not be relevant.  Ideally testing would have waited until after the samples 
reached the moisture range to match that of the dry samples tested, however to meet 
time restrictions for the project this was not possible. 
There is a lack of confidence in the ability for the delamination condition to meet its aim 
of replicating deterioration over time and therefore considered unsuccessful in its current 
version.  It is recommended that further investigation be done on the effect of small 
variation in moisture content as well as the design of an improved delamination condition 
process. 
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Chapter 6. Conclusions and Further Research 
This research project has investigated road wearing surface systems for glue laminated 
softwood timber bridge decks.  This was done in three main sections, firstly to identify 
and research what is being used for bridge decks throughout the world and select the best 
five theoretical options, secondly to investigate testing methods and compile a suitable 
testing regime and thirdly to carry out the testing on the best five theoretical options and 
rank them based on results.   
This chapter presents the conclusions and suggests some further research opportunities 
which would complement and build on this project. 
 Conclusions  
The project was successful in meeting its aims, it has identified, tested and ranked five of 
the best theoretical road wearing surface system options based on sound research and 
test results.  It has proposed, refined, carried out and reviewed a successful testing regime 
which provided quality data for analysis and comparisons suitable for this application.  The 
additional proposed objectives for design and implementation of field testing were not 
undertaken due to time restrictions.  The major findings are outlined below with a 
summary of overall rankings presented in Table 6-1. 
 The role of a road wearing surface system is to provide protection for the bridge 
deck and substructure and safe passage to bridge users.   
 Very little information was found on road wearing surface systems suitable for 
GSTBD, however delamination was found to be a major problem for other bridge 
types such as concrete and fibre reinforced polymer and the Hyne trial bridge and 
therefore was chosen as the focus for testing.   
 Application of asphalt or bitumen spray seal was found to be the most common 
practice for timber bridge decks of all types although several other potential 
options were identified. 
 Of these an epoxy product (OmniGrip HF), epoxy modified acrylic resin 
(StreetBond 150), polyurethane (Rhino Guard 2195), polyaspartic (Rhino 
ArmaFloor 500AU) and C170 bitumen spray seal were found to be the best 5 
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theoretical options based on the needs of the bridge owners, users, 
manufacturer, the regulatory bodies and the GSTBD. 
 Several test categories and sample condition procedures were researched.  A 
delamination, shear block and pull off test, as well as dry, wet and delaminated 
sample conditioning processes were identified as suitable options for testing the 
delamination and bond strength properties of a road wearing surface system.  
These tests and sample conditioning processes were modified to suit the GSTBD 
application and were based on the following standard tests. 
o Delamination test:  AS/NZS 4364: 2010, 7.6 Delamination resistance test 
o Shear Block test:  BD47/99 Design Manual for Roads and Bridges, Volume 
2, Section 3, Part 4: Waterproofing Surfacing of Concrete Bridge Decks 
(The Highways Agency et al 1999) and  
o Pull off test:  TRL Report 176 Laboratory tests on high-friction surfaces for 
highways, Appendix J. 
o Dry condition:  based on other timber researchers process, 
o Wet condition: AS/NZS 4364 Bond performance of structural adhesives – 
7.5.1.4 Vacuum pressure test, 
o Delaminated condition:  AS/NZS 4364: 2010, 7.6 Delamination resistance 
test 
 The tests and sample conditioning processes were refined prior to testing and 
reviewed after completion of all tests.  All were found to be successful in providing 
quality information and data for the purposed of ranking products, except for 
concerns with the delaminated sample conditioning process as it resulted in 
increased average bond strengths which was not what was expected from an 
accelerated aged sample. 
 The test results revealed that wet condition was the most critical for both the 
shear block and the pull off tests.  This was relevant for all products with 
significant reductions in average bond strength experienced, with StreetBond 150 
(epoxy modified acrylic resin) being the worst case experiencing over 93% 
reduction.  C170 bitumen had equally critical dry and wet conditions although this 
related to internal strength of the binder rather than the average bond strength.  
This reiterates the importance placed on the waterproofing role of a road wearing 
surface system. 
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 OmniGrip HF (epoxy) or Rhino Guard 2195 (polyurethane) achieved the highest 
under dry condition for shear block test with average bond strengths greater than 
6.33 MPa and greater than 5.20 MPa respectively.  OnmiGrip HF (epoxy) achieved 
the highest average bond strength under dry conditions for the pull off test.   
 Rhino ArmaFloor 500AU (polyaspartic) or Rhino Guard 2195 (polyurethane) 
achieved the highest average bond strength for delaminated condition shear 
block test with 9.63 MPa and greater than 6.32 MPa respectively.  OmniGrip HF 
(epoxy) achieved the highest delaminated condition pull off test with 4.02 MPa.  
Table 6-1 Summary of Overall Rankings 
Overall Ranking Comments 
1. Rhino Guard 
2195 
(polyurethane) 
 experienced no delamination ranking in 1st place  
 There was an uncertainty due to a lack of type B interface 
failures, making it difficult to rank in the shear block test, 
however it sits in first or second place with an average bond 
strength of greater than 4.02 MPa (wet – shear block test) 
 1st with an average bond strength of 1.51 MPa (wet – pull 
off test) 
 resisted cracking 
 appeared to provided reinforcement to the GSTBD reducing 
cracking in the substructure.   
2. Rhino ArmaFloor 
500AU 
(polyaspartic) 
 ranked 3rd for delamination  
 1st or 2nd with 4.42 MPa (wet – shear block test) 
 3rd with 1.22 MPa (wet – pull off test)  
 Experienced reflective and latewood/earlywood interface 
cracking. 
3. OmniGrip HF 
(epoxy) 
 experienced the most delamination  
 3rd best at 3.77 MPa (wet – shear block test)  
 2nd best at 1.36 MPa (wet – pull off test)  
 experienced reflective and latewood/earlywood interface 
cracking. 
4.  C170 bitumen 
binder 
 ranked 2nd for delamination  
 5th with 0.3 MPa internal strength (wet – shear block test) 
 4th with 0.28 MPa internal strength (wet – pull off test)  
5. StreetBond 150 
(epoxy modified 
acrylic resin) 
 experienced some delamination ranking 4th best 
 4th best with 1.01 MPa (wet – shear block test) 
 5th best with insufficient strength to measure using the 
Elcometer 106 (wet – pull off test) 
 experienced reflective cracking 
159 
 
 Further Research 
Some opportunities for further research identified throughout the completion of this 
project include:  
 The effect Copper Azole has on bond strength of road wearing surface systems to 
GSTBD and comparisons to other treatment products. 
 Improved delaminated conditioning process. 
 Performance of road wearing surface systems on GSTBD under fatigue loading. 
 The effect of incremental changes in moisture content on the bond strength of road 
wearing surface systems to GSTBD. 
 Abrasion resistance testing and comparisons between road wearing surface systems. 
 Fracture toughness testing of the road wearing surface systems applied to GSTBD. 
 Design and implement field testing for the 4 best options of road wearing surface 
systems with long term ongoing analysis. 
 Skid resistance testing and comparison between the road wearing surface systems. 
 Analysis of failure in wet condition and research primer and coupling agent options to 
reduce the negative impact of moisture ingress on bond strength.   
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Appendix D  Test 3 Pull off Test (Alternative Option) - 
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Alternative Option for Test 3.  Pull off test TRL Report 176 version 
TRL Report 176, Laboratory tests on high-friction surfaces for highways. Appendix J “Test 
procedure for tensile adhesion”.   
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